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PREFACE. 


O INCE  the  last  edition  of  this  work,  nearly  all  the  departments  of 
medicine  have  been  cultivated  with  marked  success;  and  thg  ad- 
vances in  physiological  science  during  that  time  have  made  it  desirable 
to  revise  the  greater  part  of  the  book,  and,  in  some  respects,  to  modify 
its  arrangement.  In  the  section  of  Physiological  Chemistry,  the  most 
important  alterations  relate  to  the  classification  of  the  Albumenoid 
Substances,  and  particularly  to  the  prominence  given  to  the  Ferments 
as  a  special  group.  Although  we  are  still  very  imperfectly  acquainted 
with  the  chemical  constitution  of  these  bo<lies,  and  are  even  able  to 
recognize  them  rather  by  the  effects  which  they  produce  than  by  their 
physical  properties,  yet  their  physiological  activity  has  assumed  an  im- 
portance which  makes  it  necessary  to  consider  them  by  themselves.  In 
treatises  exclusively  devoted  to  Physiological  Chemistry,  the  albumenoid 
substances  are  usually  classified  according  to  their  characters  of  solu- 
bility in  neutral,  acid,  or  alkaline  media,  or  in  saline  solutions  of  dif- 
ferent degrees  of  concentration,  or  by  the  varying  conditions  of  their 
coagulability ;  but  in  a  work  like  the  present,  an  arrangement  based  on 
their  physiological  properties  and  destination  is  both  more  useful  and 
more  intelligible.  The  same  remark  will  apply,  in  great  measure,  to 
the  other  principal  groups  of  organic  substances. 

In  the  department  of  the  Nervous  System,  more  extended  considera- 
tion has  been  given  to  the  localization  of  function  in  special  parts  of  the 
cerebro-spinal  axis.  The  recent  progress  of  investigation  in  this  respect 
relates  not  only  to  the  cerebral  convohitiona  and  their  connection  with 
various  forms  of  movement  and  sensation,  but  also  to  the  identification 
of  special  communicating  tracts  of  white  substance  in  the  brain  and 
spinal  cord.  The  general  use  of  hardened  and  stained  preparations,  and 
improved  methods  in  making  microscopic  sections,  have  largely  increased 
our  knowledge  of  the  intimate  structure  of  the  nervous  centres;  and 
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the  study  of  nervous  degenerations  has  proved  an  additional  source  of 
information  in  regard  to  their  deep-seated  connections.  Although  the 
anatomical  data  obtained  in  this  way  must  be  insufficient  by  themselves 
to  determine  the  functions  of  a  part,  yet  they  are  of  material  aid  in 
the  contrivance  and  execution  of  physiological  experiments,  and  often 
indispensable  for  the  explanation  of  their  results.  Furthermore,  the 
study  of  the  vaso-motor  nerves  and  nerve  centres  has  reached  a  devel- 
opment which  makes  it  almost  a  special  department  of  nervous  physi- 
ology, and  requires  a  more  extended  treatment  than  heretofore. 

Tl\e  method  of  examination  by  microscopic  sections  has  also  been 
found  of  advantage  in  Embryology.  It  shows  the  form  and  position 
of  the  organs  at  their  earliest  period  of  development,  and  enables  the 
observer  to  trace  their  subsequent  changes  with  greater  precision  than 
formerly.  The  most  primitive  embryonic  structures  are  still  those  which 
present  the  greatest  difficulty  in  their  study  and  interpretation;  but 
increased  facilities  of  research  are  constantly  adding  to  our  knowledge 
in  this  respect,  and  reducing  the  number  of  doubtful  or  disputed  points. 
In  the  present  work,  as  a  general  rule,  topics  which  are  uncertain  or 
incomplete  have  been  treated  with  comparative  brevity,  a  greater  space 
being  devoted  to  those  which  are  demonstrated  by  satisfactoiy  evidence. 
The  number  of  wood-cuta  has  been  somewhat  reduced,  and  many  have 
been  replaced  by  new  ones,  intended  either  for  the  illustration  of  recent 
discoveries  or  as  improvements  on  those  of  the  former  edition. 

New  Yobk,  December,  1881. 
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HUMAN  PHYSIOLOGY. 


INTRODUCTION. 


PHYSIOLOGY  is  the  study  of  the  phenomena  of  life.  It  makes  us 
acquainted  with  their  immediate  causes,  the  conditions  of  their 
manifestation,  the  material  changes  in  the  body  by  which  they  are 
accompanied,  their  mechanism,  and  their  results.  It  teaches  us  all 
that  can  be  known  of  the  living  organism  in  a  state  of  activity,  with 
its  different  parts  performing  their  appropriate  functions,  and  the  whole 
structure  exhibiting  the  characters  of  individuality  and  life. 

In  physiology,  as  in  all  the  other  natural  sciences,  direct  observation 
is  the  only  means  by  which  actual  knowledge  can  be  attained.  Ample 
experience  has  demonstrated  that  in  these  departments  analogical 
deductions  and  inferences  are  unsafe,  and  that  every  question  must  be 
tested  by  experimental  investigation.  Even  the  anatomical  structure 
of  an  organ  can  never  indicate  with  certainty  its  physiological  proper- 
tics,  until  by  immediate  examination  we  have  found  the  function  to  be 
associated  with  the  structure.  This  method,  which  depends  entirely 
upon  observation,  is  laborious  and  difficult;  but  it  is  the  method  to 
which  we  owe  all  our  present  knowledge  of  natural  phenomena, 
and  the  only  one  which  can  produce  similar  results  in  the  future. 
There  are  some  special  considerations  regarding  its  application  to 
physiology,  owing  to  the  intricate  constitution  of  organized  beings, 
and  the  complexity  of  their  functions. 

The  entire  body  is  a  composite  structure,  made  up  of  many  parts 
with  varied  characters  and  properties ;  and  the  life  of  the  organism  as 
a  whole  depends  on  the  combined  activity  of  its  different  parts.  Conse- 
quently each  one  of  these  should  be  first  studied  by  itself,  in  order  to  ascer- 
tain, so  far  as  possible,  its  individual  characters.  This  may  be  done  in 
great  measure  by  the  examination  of  single  parts,  separated  from  the 
rest ;  because  minute  anatomical  structures,  like  muscular  fibres  or  nervo 
fibres,  owe  their  distinguishing  properties  directly  to  the  nature  and 
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combination  of  their  constituent  materials.  So  long  as  they  are  con- 
nected with  the  living  organism,  their  physical  constitution  is  main- 
tained by  the  supply  of  nutriment  from  the  blood  and  interstitial . 
fluids.  But  after  this  supply  is  cut  off,  they  still  remain  for  a  time 
sufficiently  unaltered  to  exhibit  their  specific  characters.  By  this 
means  we  learn  that  the  physiological  property  of  a  muscular  fibre 
is  contractility ;  and  that  there  are  two  kinds  of  these  fibres,  the 
striped  and  the  unstriped,  both  of  which  contract  under  the  application 
of  a  stimulus,  but  with  different  degrees  of  rapidity.  A  nerve  fibre, 
on  the  other  hand,  has  the  power  of  transmitting  a  stimulus  to  distant 
regions,  and  of  calling  into  activity  other  parts  with  which  it  is  con- 
nected. In  certain  instances  the  action  and  products  of  special  gland- 
ular tissues  may  be  studied  with  some  success  in  a  similar  way.  As 
a  general  rule,  investigations  of  this  kind  are  most  readily  carried  out 
in  the  cold-blooded  animals;  because  their  tissues  are  the  seat  of  a 
less  rapid  alteration  than  in  the  warm-blooded  classes,  and  retain  their 
normal  properties  for  a  longer  time  after  separation  from  the  body. 

But  the  functional  activity  of  entire  organs,  or  of  an  apparatus  of 
associated  organs,  can  be  studied  only  by  experimental  observation 
upon  the  living  body.  A  compound  structure  produces  results  in  which 
all  its  various  parts  have  their  share,  and  which  are  affected  by  the 
manner  in  which  these  parts  are  combined  in  successive  or  simultaneous 
action.  Thus  every  muscular  fibre  in  the  walls  of  the  heart  has  the 
same  simple  property  of  contractility ;  but  the  physical  action  of  the 
organ,  as  a  whole,  is  produced  by  so  many  contractile  fibres,  arranged 
in  so  complex  a  form,  that  it  needs  a  direct  inspection  of  the  living 
heart  to  show  the  character,  rhythm,  and  frequency  of  its  pulsations. 
The  glandular  organs  yield  secretions  which  contain  not  only  the  special 
products  of  their  cells,  but  also  materials  supplied  from  the  circu- 
lating blood;  and  this  supply  varies  in  quantity  and  composition 
according  to  different  nervous  and  vascular  conditions.  In  the  digestive 
apparatus  a  number  of  secretions  act,  in  succession  or  together,  upon 
the  elements  of  the  food,  and  thus  modify  the  properties  derived  from 
their  individual  composition.  These  facts  make  it  necessary,  in  the 
solution  of  the  most  important  questions,  to  study  the  animal  functions 
by  means  of  observation  and  experiment  during  life. 

The  progress  of  physiology  at  the  present  day  is  characterized  by 
the  general  adoption  of  methods  which  yield  results  in  many  respects 
more  definite  and  positive  than  those  formerly  attained.  This  is  largely 
due  to  the  improvements  in  physics  and  chemistry,  which  place  at  the 
disposal  of  the  physiologist  more  effective  means  of  investigation. 
Many  of  the  phenomena  presented  by  Jiving  bodies  can  now  be  exam- 
ined, measured,  and  recorded  by  the  aid  of  optical,  electrical,  photo- 
graphic and  registering  instruments,  by  which  our  knowledge  in  regard 
to  them  is  rendered  both  more  extensive  and  more  precise.  We  are 
also  enabled  by  this  means  to  compare  the  results  of  different  observa- 
tions, and  to  reach  the  important  deductions  based  on  the  relation  of 
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quantilic.^.  This  seems  to  be  etill  the  most  imperfect  department  of 
the  subject,  and  one  in  wliioh  we  arc  most  liable  to  hasty  condusionu 
from  insufficient  data ;  but  the  method  is  one  of  great  promise,  and 
has  already  product'd  much  certain  and  UKcful  information.  The  animal 
functions  are  examined  in  every  way  in  which  they  are  accessible  to 
phy:^icaI  and  numerical  investi^ration.  The  structure  of  each  organ, 
and  the  constituent  materiab  of  its  tissues,  are  determined  by  appro* 
printe  means.  The  changes  in  its  volume,  temperature,  vascularity. 
and  composition,  the  nature  and  quantity  of  the  materials  consumed 
and  of  the  force  manifested,  arc  ascertained  and  registered.  The  new 
substances  produced  are  tested  and  measured,  and  the  accompanying 
changes  in  other  organs,  or  in  tbo  whole  body,  are  subjected  to  similar 
examination. 

In  this  way  the  physiologist  studies  the  living  body  as  a  machine. 
He  endeavors  to  learn  the  construction  of  iU  parts,  th«  mechanism  of 
their  action,  the  materials  with  which  it  i.s  su]>plied,  the  chemical  trans- 
forunilions  of  its  internal  nutrition,  and  the  plienomena  which  it  ex- 
hibits in  every  tlcpartment  of  the  vital  operations.  For  this  jmrpose 
he  employs  all  the  available  means  of  scientific  investigation. 

A  large  part  of  the  jihenomena  presented  by  living  creaturtb  nn- 
general  in  chorocter,  and  f^how  themselves  in  all  classes  of  vegetable 
and  animal  organisms.  The  absorption  of  new  material  and  the  dis- 
charge of  waste  products,  indicating  the  incessant  renovation  of  the 
organized  fabric,  and  the  direct  relation  between  the  quantity  of  nutri- 
ment consumed  and  the  active  maaifestaliun  of  vitality,  are  noticeable 
facts  in  every  form  of  animated  existence.  Some  of  the  materials  and 
conditions  nec<'3.«iary  to  life  are  the  same  in  all  cases.  The  eonsumption 
of  oxygen  and  the  discharge  of  carbonic  acid  are  universal  phenomena, 
both  in  animabi  and  vegotjibles.  The  presence  and  alisorptiou  of  moist- 
ure are  also  indispensable  conditions;  and  in  every  case  there  are 
certain  limits  of  temperature  which  cannot  Ik*  overpassed  in  either 
direction  without  disturbance  or  arrest  of  the  vital  ojierations.  The 
general  nature  of  these  conditions  shows  their  fundamental  impor- 
tantte  in  the  phenomena  of  life,  and  requires  a  certain  acquaintance 
with  vegetable  physiology  as  on  aid  to  the  more  successful  study  of 
the  animal  functions. 

On  the  other  hand,  there  are  some  special  forms  of  vital  activity 
which  are  confined  to  vegetables,  and  others  which  are  met  with  only 
in  animals.  Thus,  the  deoxidation  of  carlxjnic  acid  and  water,  together 
with  the  combination  of  their  remaiuiug  elements  to  form  organic  mate- 
rials, can  be  accomplished  only  by  the  living  tissues  of  green  vege- 
tables ;  animals  having  no  power  to  produce  organic  matter,  but  only  to 
consume  it.  Forthrrmore,  it  is  only  in  the  higher  animals  that  con- 
sciousness, sensation,  and  volition  appear  to  have  a  distinct  existence, 
and  come  into  proniinence  in  connection  with  the  functions  of  the 
nervous  system.  In  the  animal  kingdom  certain  materials  or  modes  of 
activity  are  so  nearly  the  same  in  many  different  classes  as  to  indicate 
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a  close  relation  with  some  common  feature  of  their  organization ; 
while  others,  on  the  contrary,  are  confined  to  two  or  three  species  alone. 
Thus,  the  red  coloring  matter  of  the  blood  is  identical  in  color,  general 
composition,  optical  properties,  and  physiological  action  throughout  the 
different  groups  of  quadrupeds,  birds,  reptiles,  and  fish ;  in  all  of  them 
the  nerve  fibres  have  the  same  distinctive  endowments  of  motor  and 
sensitive  qualities,  and  the  internal  reactions  are  performed  by  the  nerve 
centres  in  a  similar  way.  But  the  power  of  producing  electric  shocks 
exists  only  in  a  few  species  of  fish,  which  resemble  in  all  other  respects 
the  fishes  which  are  non-electric.  Both  the  general  nature  of  the  more 
common  functions,  and  the  specific  character  of  those  which  are 
exceptional,  become  legitimate  sources  of  knowledge  in  physiological 
science. 

The  physiology  of  the  human  species  includes  all  the  more  general 
and  fondamental  facts  common  to  man  and  animals,  as  well  as  the 
specific  dififerences  peculiar  to  the  human  organism.  These  differences, 
as  a  general  rule,  do  not  relate  to  the  character  of  the  vital  phenomena 
nor  to  their  mode  of  production,  but  only  to  their  quantity  or  intensity. 
Thus  the  animal  heat,  produced  in  the  living  tissues,  is  generated  no- 
doubt  by  processes  of  the  same  kind  in  the  human  species  as  in  quad- 
rupeds ;  but  the  exact  temperature  of  the  human  body,  and  its  normal 
variations,  are  to  be  determined  by  direct  observation  upon  man.  The 
consumption  of  oxygen  and  the  exhalation  of  carbonic  acid  take  place 
in  essentially  the  same  manner  in  man  as  in  the  higher  animals ;  but 
the  precise  quantity  of  each,  and  their  numerical  relation  to  other  ingre- 
dients or  products  of  the  body,  are  peculiar  to  man  and  must  be  ascer- 
tained by  special  examination.  Nearly  all  the  observations,  therefore, 
requiring  to  be  made  upon  the  human  subject,  relate  to  matters  of  detail, 
most  of  the  general  and  fundamental  facts  being  reached  by  investiga- 
tions in  the  physiology  of  animals.  The  exceptions  to  this  rule  are 
mainly  connected  with  certain  functions  of  the  nervous  system,  which 
are  so  highly  developed  in  man,  as  compared  with  the  animals,  that  their 
activity  becomes  different  in  kind  as  well  as  in  degree.  Thus  the 
faculty  of  articulate  language,  which  has  no  existence  in  animals,  has 
been  localized  in  a  particular  region  of  the  brain,  wholly  by  means  of 
observations  upon  man ;  and  it  is  probable  that  the  same  methods  will 
be  requisite  in  regard  to  some  other  of  the  nervous  functions.  But  in 
most  respects  the  phenomena  of  human  physiology  are  intimately  con- 
nected with  those  of  the  higher  animals. 

The  study  of  physiology  is  naturally  divided  into  several  depart- 
ments or  sections,  each  of  which  deals  with  certain  special  subjects, 
and  is  distinguished  by  the  nature  of  the  facts  investigated,  the 
methods  by  which  they  are  examined,  and  their  relation  to  the  vital 
activity  of  the  whole  body. 

The  first  section  is  devoted  to  Physiological  Chemistry.  It  com- 
prises the  study  of  the  chemical  ingredients  of  the  living  body,  their 
composition  and  reactions,  the  source  from  which  they  are  derived,  their 
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>qiianl1ty  and  dilfribution  in  the  animal  frame,  their  occurrence  as  con- 
Blitucnt  parts  of  the  food,  their  conibiuatious  and  decompositions  iu  the 
body,  and  the  form  under  which  they  appear  in  the  products  of  excre- 
tion. It  aims  to  give  a  general  view  of  the  materials  supplied  to  the 
animal  organism,  and  the  use  which  they  subserve  in  the  processes 
of  life. 

The  second  section  treata  of  the  functions  of  Nutrition.  It  includes 
the  action  of  tJie  digestive  apparatus,  by  which  the  food  is  prepared 
for  a&similation,  the  absorption  of  the  digested  products,  their  ulabora- 
lion  in  the  glandular  organs,  the  blood  and  it.s  circulation,  the  forma- 
tion and  character  of  the  becretions,  the  phenomena  of  respiration,  the 
production  of  animal  heat,  and  the  constitution  and  profx-rties  of  the 
excreted  fluids.     These  processes  have  for  their  object  tho  vegetative 

l^owlh  and  renovation  of  tho  body,  or  the  maintenance  of  its  normal 
structure  and  organization.  They  are  for  the  most  part  of  a  physical 
or  chemical  nature,  and  arc  distinguished  from  other  pbyaical  or  cbem- 
lc«I  phenomena  only  by  the  variety  and  complexity  of  their  results. 

The  third  division  in  the  natural  order  of  study  embraces  the  func- 
tions  of  the  Nervous  System.  These  functions  are  of  a  dilTerent 
character  from  the  preceding,  and  are  investigated  by  dilTerent  means. 
The  two  groups  of  phenomena  are  thus  distinguished  from  each  other, 
notwithstanding  the  fact  that  they  are  mutually  dej)endent.  The 
activity  of  the  nervous  system  requires  for  its  support  a  continued 
nutrition;  and  on  the  other  band  the  influence  of  the  nervous  system  is 
everywhere  felt  by  the  organs  of  circulation  and  secretion.  But  the 
immediate  action  of  the  nervous  system  is,  so  far  as  we  can  judge,  of 

I*  special  nature,  and  one  which  has  no  reseniblauce  to  the  nutritive 
operations.  It  is  a  means  of  sympathetic  communication,  by  which  the 
different  organs  are  alternately  stimulated  or  controlled,  and  which  acts 
aj$  the  instrument  of  sensibility,  consciousness,  volition,  and  movement. 
It  brings  tho  living  body  into  active  relation  with  the  external  world, 
and  provides  for  the  exercise  of  the  animal  instincts  and  powers. 

The  last  group  of  functions  contains  those  belonging  to  Reproduc- 
tion. They  are  made  up  of  phenomena,  different  in  kind  from  either 
of  the  foregoing,  and  having  for  their  object  tho  continuation  of  the 
species.  They  consist  in  the  production,  from  the  parent  organism, 
of  the  sexual  elements,  and  in  the  appearance,  from  the  union  of  these 
elementi^  of  a  progressive  series  of  organic  forms,  following  each 
other  in  a  determinate  order  of  successive  trausformations,  untii  the 
lafct  form  in  the  series  reproduces  that  of  the  originul  ])arent,  The 
distinguishing  feature  of  this  process  is  therefore  that  the  functions 
of  nutrition  and  growth  are  here  directed  by  a  law  of  continuous  devel. 
opment ;  and  it  presents,  as  the  main  object  of  our  study,  the  form  and 
Structure  of  the  different  parts  as  they  successively  appear  in  the  grow- 
ing organism. 
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CHAPTER  I. 
CHEMICAL  IXGREDIEKT8  OF  THE  BODY. 

THE  first  requisite,  in  the  study  of  the  vital  operations,  is  a  knowl- 
edge of  the  substances  which  make  up  the  animal  frame.  It  is  these 
substances  which  give  to  the  organic  tissues  and  fluids  their  specific 
character ;  and  the  manner  in  which  they  are  supplied,  and  the  changes 
which  they  undergo  within  the  body,  constitute  the  basis  of  all  the 
properties  which  distinguish  the  living  structure. 

If  we  examine  any  one  of  the  fluids  contained  in  various  parts  of  the 
body,  such  as  the  blood,  the  lymph,  the  bile  or  the  saliva,  we  find  that 
it  is  made  up  of  a  number  of  different  ingredients,  mingled  together  in 
certain  proportions.  Thus  the  blood  contains  albuminous  matters  and 
water,  together  with  calcareous  or  alkaline  chlorides,  carbonates,  and 
phosphates.  In  the  bile  there  are  biliary  salts,  coloring  matters,  choles- 
terine,  and  mineral  substances  ;  and  the  saliva  is  a  mixed  solution  of 
albuminous  and  saline  ingredients.  The  proportion  of  these  ingredi- 
ents, in  each  animal  fluid,  is  maintained  by  the  process  of  nutrition  at 
about  the  same  standard ;  those  which  are  expended  and  lost  in  the  vital 
operations  being  replaced  by  others  of  the  same  kind  derived  from  the 
food  or  produced  by  the  transformation  of  other  materials. 

There  is  a  similar  association  of  different  ingredients  in  the  solid  parts 
of  the  body.  Even  where  the  animal  tissue  appears  most  homogeneous, 
it  contains  a  variety  of  materials,  and  it  is  probable  that  the  minutest 
fibre  or  membrane  in  the  system  is  made  up  in  the  same  way  of  several 
constituents.  In  the  hard  substance  of  bone,  for  example,  there  is 
water,  which  may  be  expelled  by  evaporation  ;  lime  phosphate  and  car- 
bonate, which  may  be  extracted  by  solvents ;  a  peculiar  animal  matter, 
w^ith  which  the  calcareous  salts  are  in  union  ;  and  various  other  saline 
substances,  in  special  proportions.  The  muscular  tissue  contains  water, 
sodium  and  potassium  chlorides,  lime  phosphate,  creatine,  albumen,  col- 
oring matter,  and  myosine.  It  is  the  obj(!ct  of  physiological  chemistry 
to  isolate  these  difl'erent  substances  from  each  other,  to  study  their  spe- 
cific properties,  and  to  learn  the  part  taken  by  each  in  the  act  of 
nutrition. 

But  it  is  very  important  in  this  investigation  to  determine  what  are 
the  real  ingredients  of  the  animal  frame,  and  to  distinguish  them  from 
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the  abnormal  products  of  their  change  or  decomposition.  The  substances 
in  question  must  be  extracted  from  the  ti^tBuea  and  duids  of  the  l^ody 
by  the  aid  of  physical  and  chemical  manipulations,  aucb  as  evaporation, 
solution,  precipitation,  and  crystallization.  Many  of  them  are  of  a  nature 
to  be  altered  or  decomposed  by  the  treatment  to  which  they  are  subjected, 
or  even  by  the  unnaturnJ  conditions  resultinf.,''  from  the  cessation  of  life. 
The  coagulable  substances  of  the  blood  and  of  the  muscular  tissue,  which 
arc  fluid  during  life,  soon  after  death  pass  into  the  eolidified  condition, 
id  thus  no  lonsrer  present  their  original  characters.  The  red  coloring 
jfttter  of  the  blood  requires  to  be  extracted  at  a  temperature  nearly  as 
low  as  the  freezing  point  of  water,  otherwise  it  loses  its  natural  com- 
position and  becomes  changed  into  other  substances.  The  normal 
coloring  matter  of  the  retina  is  bleached  by  the  action  of  daylight, 
ond  so  disappears  altogether  unless  special  precautions  be  used  for  ita 
protection.  This  sensibility  of  the  organic  ingredients,  making  them 
liable  to  be  affected  by  unnatursil  conditions,  ia  the  reason  why  many 
of  ihera  bttve  long  remained  unknown  or  misunderstood ;  and  it  also 
accounts  in  great  measure  for  the  changing  nomenclature  of  physiological 
chemistry-  By  improved  methods  of  extraction,  an  organic  ingredient 
is  often  obtained  in  a  new  form,  which  more  fully  represents  its  normal 
character;  and  it  therefore  receives  a  different  name,  to  distinguish  it 
frum  the  former  substance.  Thus,  the  coloring  matter  of  the  red  blood- 
gbibules,  formerly  known  as  "hematine,''  was  obtained  from  the  blood 
in  an  insoluble  condition  by  the  use  of  heat  and  acids.  Subsequently, 
when  extracted  by  the  simpler  action  of  water  and  alcohol,  at  low 
temperatures,  retaining  its  natural  color,  s(tlubility,  and  spectroscopic 
character,  it  was  named  "  hemoglobinc,"  and  was  recognized  as  the 
real  constituent  of  the  red  globules. 

The  physiological  ingredients,  therefore,  of  the  animal  ficarac  ore 
substances  which  exist  in  its  solids  or  fluids  under  their  own  form,  and 
are  obtained  by  means  which  do  not  change  them  into  other  maltera 
or  decompose  them  into  their  chemical  elements.  Lime  phosphate, 
for  instance,  is  an  immediate  constituent  of  the  bony  tissue,  but  phos- 
phoric acid  is  not  so,  for  it  is  not  present  under  its  own  form,  but  is 
obtained  only  by  breaking  up  its  combinatiou  with  the  calcareous  mat- 
tx;r-,  while  phosphorus  is  a  product  of  still  further  decomposition  of  the 
phosphoric  acid.  An  animal  substance  containing  I  he  alkaline  acetates 
-,  if  treated  by  inrimeration  in  the  air,  would  yield  as  a  residue 
li  iiatt's  of  the  same  buses,  the  original  organic  acids  having  l)een 

destroyed  and  replaced  by  carbonic  acid.  As  a  rule,  accordingly,  in  the 
exuniination  of  animal  tis.suos,  the  simplest  forms  of  chemical  munipu- 
latifin  are  most  successful.  The  substance  or  fluid  is  first  subjt'cted  to 
rv.-moration,  in  order  to  extract  and  estimate  its  water.  The  evap- 
oration is  conducted  at  a  heat  not  above  100°  C,  or  the  boiling  poiut 
of  water,  since  a  higher  temperature  would  often  be  injurious  to  the 
rganic  ingrrdients.  From  the  dried  residue  sodium  chloride,  alkaline 
llpbntes.  carbonates,  and  phosphates  are  extracted  with  water.    Coloring 
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matters  are  usually  separated  by  alcohol,  and  oils  may  be  dissolved  ont 
by  ether.  When  a  chemical  decomposition  is  unavoidable,  it  inuel  be 
kept  in  sight  and  afterward  corrected.  Thus,  the  sodium  p:lycocholate 
of  the  bile  is  separated  from  certain  other  in^edients  by  precipitating 
it  with  plumbic  acetate,  forroinjar  lead  ^'lycocholate  ;  but  this  is  afterward 
decomposed  in  turn  by  sodiuni  carbonate,  reprodueinju:  the  oricrinal 
sodium  glycocholate.  Certain  organic  raateriuls  of  peculiar  physiological 
activity  are  extracted  by  means  of  glycerine,  which  preserves  them  in- 
definitely in  an  unaltered  condition  ;  and  as  a  general  rule  the  improve- 
ments in  this  branch  of  investigation  consist  in  exact  regulation  of  the 
teni])eraturc,  the  avoidance  of  strong  acid  and  alkaline  reagents,  the 
employment  of  mild  solvents  and  precipitating  solutions,  and  in  especial 
care  that  the  substance  to  be  examined  ia  obtained  in  a  fresh  condition, 
unchanged  by  cadaveric  alterations.  By  this  means  we  may  form  a 
tolerably  correct  estimate  of  the  nature,  quantity,  and  properties  of  the 
constituent  mat4?rtals  of  the  living  organism. 

The  manner  in  which  these  ingredients  are  associated  together  is  also 
deserving  of  notice.  In  every  animal  solid  and  fluid,  there  is  a  number 
of  different  suV>stances  present  in  certiiin  proportions,  so  united  with 
each  other  that  the  mixture  presents  a  homogeneous  appearance.  Hut 
this  union  ia  of  a  complicated  character ;  and  the  presence  of  each  in- 
gredient depends,  to  a  certain  extent,  upon  that  of  the  others.  Some 
of  them,  such  as  the  alkaline  carbonates  and  phosphates,  are  in  direct 
solution  in  the  water.  Some,  which  are  insoluble  in  water,  are  retained 
in  solution  by  the  presencre  of  other  soluble  sulrstances.  Thus,  the 
insoluble  lime  plut.^phiitt'  of  the  urine  is  held  in  solution  by  the  acid 
sodium  biphospbate,  also  present  as  an  ingredient.  In  the  nlkalJine 
blood-plasiua,  on  the  other  hand,  the  lime  phosphate  ia  liquefied  by 
union  with  the  albumen,  which  ie  itself  soluble  in  the  water  of  the 
plasma.  The  same  substance  may  l>e  fluid  in  one  part  of  the  !>ody, 
and  solid  in  another  part.  Thus,  in  the  blood  and  sccrelioiis  the 
water  is  fluid,  and  holds  other  substances  in  solution ;  while  in  the 
bones  and  cartilages  it  is  solid,  by  its  union  with  the  animal  and 
saline  ingredients,  abundantly  present  in  the  solid  form.  In  the  blood, 
the  lime  phosphate  is  fluid  by  solutton  in  the  albumen;  but  in  the 
bones  it  forms  a  solid  substance  with  the  animal  matter  of  the 
osseous  tissue ;  and  the  union  of  the  two  is  aa  intimate  and  homo- 
geneous in  the  hones  as  in  the  blood.  An  animal  ingredient,  there- 
fore, never  exists  alone  in  any  part  of  the  body,  but  is  always 
associated  with  a  number  of  others,  by  homogeneous  mixture  or 
mutual  solution. 

The  proportion  in  which  each  ingredient  is  present,  in  any  animal 
solid  or  fluid,  is.  as  a  rule,  characti-ristic  of  that  tissue  or  secretion, 
and  contributes  largely  to  its  physiological  characters.  Thus,  water 
is  present  in  large  quantity  in  the  perspiration  and  the  saliva,  but  in 
small  quantity  in  the  bones  and  teeth.  Sodium  chloride  is  compara- 
tively abundant  in  the  blood  and  deficient  in  the  mubcles.     On  the 
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Other  hand,  potassium  chloride  ie  mor<»  abundant  in  the  mui^les,  ]cm 
so  in  the  blood.  But  tlicpo  proportions  are  nowhere  sbi^oluto  or  in- 
variable. There  is  a  diflcrtMicc,  in  this  respect,  between  the  chemical 
composition  of  an  inorjranic  subi*tanee  and  the  physiolo^'ieal  constitu- 
tion of  an  animal  fluid.  The  former  is  constant  and  definite ;  the  latter 
always  presents  certain  variations.  Thus,  water  is  invariably  com- 
posed of  the  same  relative  quantities  of  hydrogen  and  oxygen ;  and 
these  proportions  are  essential  to  its  existence.  But  in  the  urine,  the 
projwrtions  of  water,  urea,  urates,  and  phosphates  vary  within  certain 
limits  in  different  individuals,  and  even  in  the  same  individual,  from 
one  hour  to  another.  This  physiological  variation  takes  place,  within 
rtibe  limits  of  bralth,  in  all  the  animnl  solids  and  fluids.  It  is  a  necessary 
•Accompaniment  of  the  actions  of  life,  and  one  of  the  characteristic  phe- 
nomena of  living  beings.  The  animal  body  is  the  seat  of  incessant 
mges,  and  all  its  manifestations  of  vital  activity  are  cither  the 
ises  or  the  result  of  its  internal  alterations.  Every  variation  in  its 
general  condition  is  accompanied  by  a  corrt'sponding  variation  in  the 
constitution  of  its  different  parts.  This  constitution  is  consequently  of 
a  very  different  character  from  the  chemical  constitution  of  an  oxide  or  a 
salt.  In  the  analysis  of  an  animal  tissue  or  fluid,  the  numbers  exjiress- 
ing  the  proportion  of  its  diflercnt  ingredients  are  always  understood  to 
be  approximate,  and  not  absolute.  They  represent  the  general  charact-er 
of  the  mi.Tture,  but  allow  of  its  variation  within  physiological  limits. 

The  chemical  ingredients  of  the  body  are  naturally  divided  into  five 
classes : 

The  first  of  these  cla,sses  comprises  all  ingredients  of  a  purely 
INOROANIC  nature.  These  substances  are  derived  mostly  from  the  exte- 
rior. They  are  found  abundantly  in  the  inorganic  world  as  well  as 
in  organized  bodies ;  and  they  present  themselves  under  the  same  form 
and  with  the  same  properties  in  the  interior  of  the  auiimil  frame  as 
elsewhere.  They  are  crystallizable,  with  definite  chemical  characters 
and  a  simple  chemical  constitution.  They  are  conqioiinds,  in  simple 
proportions,  of  hydrogen  and  oxygen,  the  metals  of  the  alkaline  and 
earthy  salts,  sulphur,  phosphorus,  chlorine,  and,  in  general  tfrms,  of 
the  ingredients  of  mineral  substances.  They  comprise  water,  w^hich  is 
the  most  abundant  of  its  class  in  the  animal  frame,  sodium  and  potas- 
Bium  chlorides,  phosphates,  and  sulphates,  alkuliiR'  carbonates,  the  salts 
of  lime  and  magnesia,  together  with  combinations  of  a  few  other  metallic 
elements  in  small  quantity. 

The  second  class  consista  of  the  uydrocarbonaceous  substances  of 
organic  origin.  They  are  distingui.sh<.'d  from  inorganic  matters  first  by 
the  fact  of  their  containing  rnrfton  in  largo  proportion  as  one  of  their 
immediate  constituents,  associated  with  hydrogen  and  oxygen,  but 
with  no  other  chemical  element.  They  are  fither  crystallizable  or 
readily  convertible  into  other  crystallizable  members  of  the  same  group. 
Th«'ir  chemical  composition  is  less  simple  than  that  of  inorganic  sul> 
etauces,  but  it  is  still  sufficiently  deflnite,  and  their  chemical  characters 
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are  well  marked  and  easily  recognizable.  They  first  make  their  appear- 
ance in  the  interior  of  organized  bodies,  and  are  not  found  in  the  inor- 
ganic world,  excepting  as  the  remains  or  products  of  animal  or  vege- 
table life.  To  this  group  belong  the  several  varieties  of  starch,  sugar, 
and  oil. 

The  third  class  comprises  the  albumenoid  or  nitrogenous  organic 
matters.  These  substances  derive  their  name  from  the  albumen  or 
white  of  an  egg,  which  was  among  the  earliest  to  be  studied,  and 
which  may  be  considered  as  a  representative  of  the  whole  class.  They 
differ  from  the  substances  of  the  two  preceding  groups,  especially  in  the 
fact  that  they  contain  nitrogen  as  an  Ingredient,  in  addition  to  the 
three  elements  of  the  hydrocarbonaceous  matters.  They  are  exclu- 
sively of  organic  origin,  appearing  only  as  ingredients  of  the  living 
body.  Their  chemical  constitution  is  a  complicated  one — that  is,  their 
four  elements  are  united  in  such  a  way  as  to  form  compounds  of  a  very 
high  atomic  weight,  which  has  not,  however,  been  determined  with 
sufBcient  precision  to  give  an  exact  chemical  formula.  Their  reactions 
with  other  substances  are  not  well  defined,  as  compared  with  the  inor- 
ganic constituents,  and  their  most  striking  physiological  properties  are 
not  such  as  can  be  expressed  in  chemical  phraseology.  Nevertheless, 
they  are  of  the  first  importance  as  ingredients  of  the  organized  frame, 
since  they  form  the  largest  portion  of  its  mass,  and  contribute  directly 
to  its  most  active  phenomena.  They  include  such  substances  as 
albumen,  caseine,  pty aline,  pepsine,  and  myosine. 

The  fourth  class  is  composed  of  the  coloring  matters.  These  sub- 
stances, upon  which  the  different  tints  of  the  solids  and  fluids  depend, 
are  present,  for  the  most  part,  in  small  quantity,  the  most  abundant 
being  the  red  coloring  matter  of  the  blood. 

Lastly,  in  the  fifth  class  are  embraced  a  group  of  cbystallizable 
NITROGENOUS  MATTERS,  many,  if  not  all,  of  which  are  derived  from  the 
physiological  metamorphosis  of  albumenoid  substances.  They  are 
found  in  some  of  the  solid  tissues,  as  the  brain  and  nerves,  in  the  secre- 
tions of  the  liver,  and  especially  in  the  urine,  where  they  represent  the 
products  of  excretion. 


CHAPTER   II. 
INOBQANIC  SUBSTANCES. 

THE  inorganic  substances  are  present  in  the  animal  body  in  great 
variety.  Some  of  them,  such  as  water  and  the  salts  of  lime,  con- 
stitute a  large  proportion  of  the  mass  of  the  tissues  and  fluids  in  which 
they  are  found ;  others  are  in  comparatively  small  quantity.  Some  of 
them  are  found  in  all  regions  of  the  body,  while  others  are  met  with 
only  in  particular  tissues  or  fluids ;  but  there  are  hardly  any  w^hich  do 
not  appear  as  constituents  of  several  different  parts.  As  their  name 
implies,  these  substances  exist  abundantly  in  the  inorganic  world,  and 
form  a  large  part  of  the  crust  of  the  earth.  But  they  are  also  essential 
constituents  of  the  animal  frame,  and  necessary  ingredients  of  the 
food.  No  regimen  would  be  capable  of  supporting  life  indefinitely 
which  did  not  contain  them  in  due  proportion. 
This  group  includes  the  following  substances : 

Water;  Potassium  phosphate; 

Sodium  chloride ;  Potassium  sulphate ; 

Sodium  phosphate ;  Potassium  carbonate ; 

Sodium  biphosphate ;  Lime  phosphate ; 

Sodium  sulphate ;  Lime  carbonate ; 

Sodium  carbonate ;  Magnesium  phosphate ; 

Potassium  chloride ;  Magnesium  carbonate. 

Beside  the  substances  above  named  there  are  found,  as  constant  in- 
gredients of  the  incombustible  residue  of  various  parts  of  the  human 
body,  iron,  silica,  and  fluorine ;  but  it  is  not  certainly  known  in  what 
form  of  combination  these  substances  originally  existed  in  the  animal 
solids  and  fluids.  Sometimes,  but  not  always,  there  are  indications  of 
the  presence,  in  minute  quantity,  of  copper,  manganese,  and  lead,  also 
in  unknown  forms  of  combination. 

The  most  important  of  the  inorganic  substances,  considered  in  regard 
to  their  quantity  and  their  part  in  the  vital  phenomena,  are  the  fol- 
lowing : 

1.  Water,  H,0. 

Water  is  present  in  all  the  tissues  and  fluids  of  the  body.  It  is 
abundant  in  the  blood  and  secretions,  where  it  is  indispensable  in  order 
to  give  them  the  fluidity  necessary  to  the  performance  of  their  functions. 
For  it  is  by  the  blood  and  secretions  that  new  substances  are  introduced 
into  the  body,  and  old  ingredients  discharged ;  and  it  is  a  necessary 
condition  both  of  the  introduction  and  discharge  of  solid  substances 
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that  they  assume,  for  the  time  being,  a  fluid  form.  Water  is  therefore 
an  essential  ingredient  of  the  animal  fluids,  for  it  holds  their  ingredients 
in  solution,  and  enables  them  to  pass  and  repass  through  the  animal 
frame. 

But  water  is  a  constituent  also  of  the  solids.  If  a  muscle  or  a  carti- 
lage be  exposed  to  gentle  heat  in  dry  air,  it  loses  water  by  evaporation, 
diminishes  in  bulk,  and  becomes  dense  and  stiff.  Even  the  bones  and 
teeth  lose  water  in  this  way,  though  in  smaller  quantity.  In  all  the 
solid  and  semi-solid  tissues,  the  water  which  they  contain  is  useful  by 
giving  them  the  special  consistency  which  is  characteristic  of  them,  and 
which  would  be  lost  without  it.  Thus  a  tendon,  in  its  natural  condi- 
tion, is  white,  glistening,  and  opaque ;  and,  though  very  strong,  per- 
fectly flexible.  If  its  water  be  expelled  by  evaporation  it  becomes 
yellowish,  shrivelled,  semi-transparent,  inflexible,  and  unfit  for  perform- 
ing its  mechanical  functions.  The  same  is  true  of  the  skin,  the  muscles, 
the  cartilages,  and  the  glands. 

The  following  is  a  list,  compiled  by  Robin  and  Verdeil  from  various 
observers,  showing  the  proportion  of  water  per  thousand  parts  in  dif- 
ferent solids  and  fluids : 

Quantity  of  Water  ts  1000  Parts  in 


Teeth 

,     100 

Bile 

.    880 

Bones 

.     130 

Milk 

.    887 

Cartilage . 

.     550 

Pancreatic  juice     . 

.    900 

Muscles   . 

.     750 

Urine 

.     936 

Ligaments 

.     768 

Lymph  . 

.     960 

Brain 

.     789 

Gastric  juice  . 

.     976 

Blood      . 

.     795 

Perspiration  . 

.     986 

Synovial  fluid  . 

.     805 

Saliva    . 

.     995 

According  to  the  best  calculations,  water  constitutes,  in  the  human 
subject,  about  seventy  per  cent,  of  the  entire  bodily  weight. 

The  water  which  thus  forms  part  of  the  animal  frame  is  derived 
mainly  from  without.  It  is  taken  in  the  form  of  drink,  and  is  also 
abundant  in  various  kinds  of  food.  For  no  articles  of  food  are  taken  in 
an  absolutely  dry  state,  but  all  contain  more  or  less  water,  which  may 
be  expelled  by  evaporation.  The  quantity  of  water,  therefore,  daily 
taken  into  the  system,  cannot  be  ascertained  by  simply  measuring  the 
quantity  of  drink,  but  its  proportion  in  the  solid  food  must  also  be 
determined,  and  this  quantity  added  to  that  taken  in  with  the  fluids. 
By  measuring  the  fluid  taken  as  drink,  and  calculating  in  addition  its 
proportion  in  the  solid  food,  we  have  found,  in  accordance  with  the 
results  formerly  obtained  by  Barral,  that,  for  a  healthy  adult  man,  the 
average  quantity  of  water  introduced  into  the  system  is  about  2000 
grammes  per  day. 

There  is  reason  to  believe  that  a  certain  quantity  of  water  also  makes 
its  appearance  within  the  body  by  the  liberation  of  its  elements  from 
various  organic  combinations.  This  is  shown  by  the  fact  that  a  con- 
siderable quantity  of  hydrogen  is  daily  introduced  into  the  system  in 
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the  organic  ingredients  of  the  food,  wiiich  is  not  wholly  accounted  for 
in  the  excretions.  The  most  reliable  esrimates,  in  this  respect,  are  as 
follows : 

AvEttAGS  Daily  QtrAsmrr  or  Hydrogkn 

Introduced  in  organic  combinations  witii  the  food       .  .40  grammes. 

Discharged     "  *'  "      excretions      ,         .       6         " 

Residue  Qnaccoimted  for  ...        .    84        " 

Thus  not  more  than  fifteen  per  cent,  of  the  quantity  introduced  is 
discharged  in  the  organic  ingredients  of  the  excretions.  But  hydrogen 
is  not  exhaled  from  the  body  in  notable  quantity  in  a  free  state,  nor  in 
any  other  form  of  inorganic  combination  except  water.  The  intestinal 
gases  contain  habitually  hydrogen  and  carburetted  hydrugen  in  the 
proportion  of  about  thirty-eight  per  cent,  of  their  volume.*  The  abso- 
lute quantity  of  these  gases  in  the  normal  condition  has  not  been  deter- 
mined ;  but  it  is  evidently  quite  insufficient  to  account  for  the  missing 
hydrogen,  34  grammes  of  which  would  ofcopy.  in  the  ga.seouri  form,  a 
space  of  379  litres.  The  surplus  hydrogen  must  therefore  be  discharged 
in  the  form  of  water  or  watery  vapor.  The  estimates  given  above 
indicate  that  not  far  from  300  grammes  of  water  are  daily  produced  in 
the  body  in  this  way.  One  important  class  of  the  ingredients  of  the 
food,  hereafter  to  be  descril>ed,  already  contain  hydrogen  and  oxygen  in 
the  relative  quantities  necessary  to  form  water;  and,  when  decomposed 
in  the  system,  they  may  readily  yield  these  elements  in  the  required 
proportions. 

Fartherraore,  although  it  has  not  yet  been  proved,  in  any  particular 
ease,  that  more  water  is  discharged  from  the  system  than  can  be 
accounted  for  by  that  introduced,  yet  a  comparison  of  the  average 
results  obtained  by  ^lifferent  observers  always  tends  to  show  a  surplus 
of  water  discharged,  from  200  to  500  grammes  over  and  above  that  in- 
troduced with  the  food  and  drink.  The  quantity  of  water,  however, 
thus  produced  in  the  body  is  small  in  comparison  with  that  introduced 
and  discharged  under  its  own  form. 

While  in  the  interior  of  the  living  body,  water  is  useful  principally 
by  ita  physical  properties.  It  is  the  universal  solvent  for  the  ingre- 
dients of  the  animal  fluids,  holding  tht-ra  in  solution  either  directly 
or  by  the  aid  of  other  substances  which  are  themselves  soluble.  It  thus 
enables  the  elements  of  the  food  to  find  their  way  into  the  circulating 
fluid,  and  into  substance  of  the  organs.  It  permeates  the  membranes 
and  brings  into  contact  with  each  other  the  inorganic  aad  organic  mate- 
rials of  various  parts,  and  enables  them  to  assume  new  forms  by  mutual 
reaction.  In  this  way  it  is  subservient  to  the  phenomena  of  absorp- 
tion, transudation,  exhalation,  chemical  union  and  decomposition,  which 
make  op  the  nutritive  functions  of  the  animal  frame. 


•  Marchand :  Jonmal  fiir  praktiacbe  Chemie.  Leipzig,  1848.  Band  XLIV.,  p.  10. 
Ruge:  SStzangebericLte  der  Kuieerlicltcn  Akademie  der  Wi^isennchaften.  Wien, 
1862.    B«iil  XLIV.,  p.  739. 


88  PHYSIOLOGICAL    CHEMISTRY. 

After  forming  part  of  the  animal  solids  and  fluids,  and  taking  its 
share  in  the  vital  processes,  the  water  is  again  discharged;  for  its 
presence  in  the  body,  like  that  of  all  the  other  ingredients,  is  not  per- 
manent, but  temporary.  It  makes  its  exit  from  the  body  by  four 
different  passages,  namely,  as  a  liquid  in  the  urine  and  feces,  and  in 
the  form  of  vapor  by  the  lungs  and  skin.  The  quantity  expelled  in 
each  case  is  not  uniform,  but  varies  according  to  circumstances.  If 
the  kidneys  be  unusually  active,  the  watery  ingredients  of  the  urine 
are  increased  in  quantity,  while  the  cutaneous  perspiration  is  diminished ; 
and  the  state  of  the  atmosphere  and  the  rapidity  of  respiration  will 
influence  the  amount  of  watery  vapor  exhaled  by  the  lungs  and  skin. 
Still  there  is  a  well-marked  average  relation  between  the  activity  of  the 
various  organs  and  the  quantity  of  their  excreted  fluids.  It  appears 
from  a  comparison  of  the  researches  of  Lavoisier  and  Seguin,  Valentin, 
and  other  observers,  that  the  water  discharged  from  the  system  passes 
by  these  different  routes  nearly  in  the  following  proportions ; 

By  exhalation  from  the  lungs 20  per  cent. 

By  the  cataneous  perspiration 80       " 

By  the  urine  and  feces 50       " 

While  only  four  per  cent,  of  the  water  is  expelled  with  the  feces, 
ninety-six  per  cent,  passes  out  by  the  lungs,  the  skin,  and  the  kidneys. 
It  is  evident,  therefore,  that  the  main  bulk  of  the  water  taken  in  with 
the  food  does  not  simply  pass  through  the  alimentary  canal,  but  enters 
the  circulation,  and  becomes  a  temporary  constituent  of  the  solid  tissues. 
As  it  appears  in  the  secretions  it  brings  with  it  various  ingredients 
absorbed  from  the  glandular  organs ;  and  when  finally  discharged  it  is 
mingled,  in  the  urine  and  feces  with  salts  and  excrementitious  matters, 
and  in  the  cutaneous  and  pulmonary  exhalations  with  animal  vapors 
and  odoriferous  material  of  various  kinds.  In  the  perspiration  it 
contains  mineral  sulphates  and  chlorides,  which  it  leaves  behind  on 
evaporation. 

2.  Lime  Phosphate,  2(P04)Ca3. 

This  substance  exists  as  an  ingredient  in  all  the  animal  solids  and 
fluids.  So  far  as  regards  its  mass,  it  is,  next  to  water,  the  most  im- 
portant of  the  inorganic  constituents  of  the  body,  its  entire  quantity 
being  much  greater  than  that  of  any  other  mineral  salt.  For  though 
not  especially  abundant  in  the  fluids  and  the  softer  tissues,  it  forms 
more  than  one-half  the  substance  of  the  bones.  It  is  estimated  by 
Barral  that  the  osseous  tissues  constitute  6.4  per  cent,  of  the  entire 
mass  of  the  body ;  and  lime  phosphate  forms  on  the  average  from  57 
to  58  per  cent,  of  the  substance  of  the  bones.  This  would  give,  for 
a  man  weighing  65  kilogrammes,  or  143  pounds  avoirdupois,  2400 
grammes  of  calcareous  phosphate  in  the  whole  body.  Its  proportion 
in  various  tissues  and  fluids  of  the  human  system  is  as  follows : 
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QrAKTiTT  OP  Lime  Pbosphatk  in  1000  Pabts  m  thk 

Enamel  of  the  teetii        .    SSfi  Milk  ....  2.72 

Dentine  .         .  .043  Blood  ....  0.30 

Bone       ...  57rt  Bile  ....  OM 

Cartilage         ...      40  Urine  ....  0.75 

Notwithstanding  the  large  quantity  of  lime  phosphate  in  the  body  as 
.  whole,  it  is  evident,  from  the  preceding  list,  that  most  of  it  is  deposited 
"in  the  solid  tissues ;  while  it  is  present  in  but  slender  proportion  in 
the  animal  fluids.  Of  these  fluids,  milk  alone  contains  lime  phosphate 
in  notftble  quantity,  where  it  is  plainly  subservient  to  the  ossification 
of  the  growing  bones  of  the  infant,  by  whom  the  milk  is  used  as  food. 
In  the  circulating  fluids,  the  internal  secretions,  and  the  urine,  on  the 
other  hand,  the  calcareous  salt  is  in  small  amount.  Its  importance  in 
ihe  body  depends  mainly  upon  its  physical  property  of  imparting  rigidity 
to  the  solid  tissues,  rather  than  upon  its  active  qualities  in  the  phe- 
nomena of  nutrition. 

In  the  solid  tissues  it  is  associated  with  other  earthy  and  alkaline 

Ita,  but  largely  preponderates  over  tbem  in  amount.  In  the  bones,  the 
Jnantity  of  lime  phosphlite  is  from  five  to  si.\  limes  greater  than  that  of 
all  the  other  mineral  iugredient.3  together. 

In  the  bones,  teeth,  and  cartilages,  lime  phosj>hate  exists  in  a  solid 
form;  not  deposited  mechanically  as  a  granular  powder,  but  united 
with  the  animal  matter  of  the  tissues,  like  coloring  matter  in  colored 
glfi83,  the  union  of  the  two  forming  a  homogeneous  material.  It  is  not, 
on  the  other  hand,  so  combined  with  the  animal  matter  as  to  lose  its 
identity  and  constitute  a  new  substance,  as  where  hydrogen  conibines 
rith  oxygen  to  form  water ;  but  rather  as  salt  unites  with  water  in  a 

Hue  solution,  both  substances  retaining  their  original  character  and 
composition,  though  too  intimately  associated  to  be  separated  by 
mechanical  means.  The  lime  phosphate,  therefore,  may  be  extracted 
by  maceration  in  dilute  muriatic  acid,  leaving  behind  the  animal  sub- 
stance, which  still  retains  the  original  form  of  the  bone  or  cartilage. 

In  the  solid  tiasues,  lime  phosphate  is  u.scful  by  giving  to  tbem 
their  due  consistence  and  solidity.  In  the  enamel  of  the  teeth,  the 
hardest  tissue  of  the  body,  it  predominates  exceedingly  over  the  ani- 
mal matter,  and  is  present  in  greater  proportion  than  in  any  other  part 
of  the  frame.  In  the  dentine  it  is  in  somewhat  smaller  quantity,  and 
in  the  bones  smaller  still ;  though  in  the  bones  it  continues  to  form 
more  than  one-half  thoir  entire  mass.  The  importance  of  this  sub- 
ice,  in  communicating  to  bones  their  natural  stiffness  and  consist- 
)cy,  is  shown  by  the  alt*»ratJon  which  they  suffer  from  its  removal 
If  a  long  bone  be  macerated  in  dilute  muriatic  acid,  the  earthy  matter 
in  dissolved  out,  the  bone  loses  its  rigidity,  and  may  be  bent  or  twisted 
in  any  direction  without  breaking.     (Fig.  1.) 

In  the  formation  of  the  bony  skeleton  during  foetal  life,  infancy,  and 
cbildbood,  the  cartilaginous  substance  previously  existing  is  replaced 
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by  osseous  matter,  which  cuatains  a  larger  proportion  of  calcareons 
salts ;  while  the  anatomical  texture  of  the  parts  is  also  chan^^ed,  giving 
rise  to  the  characteristic  forms  of  bony  tissue.  This  progressive  con- 
BoUdation  of  the  skeleton  is  known  as  the  process  of  "ossification." 
In  some  instances  it  is  defective,  owing  to  partial 
failure  in  the  powers  of  assimilation ;  and  as  the 
rigidity  of  the  skeleton  does  not  increase  in  propor- 
tion to  the  weight  of  the  body  and  the  force  of  mus- 
cular action,  the  bones  become  gradually  bent  and 
deformed,  sometimes  to  an  extraordinary  degree.  This 
affection  has  re'ceived  the  name  of  Bachitis, 

A  similar  result  is  produced  by  a  morbid  softening 
of  the  bones,  sometiuies  occurring  in  adult  life,  known 
as  Onteomulai'ia.  In  this  disease  the  bony  fabric,  after 
its  formation,  becomes  altered  in  texture  and  compo- 
sition, and,  the  new  substance  which  takes  its  place 
being  deficient  in  calcareous  matter,  there  is  a  pro- 
gressive yielding  and  deformity  of  the  skeleton,  like 
that  which  happens  in  rachitis. 

In  the  plasma  of  the  blofld  the  lime  phosphate, 
though  insoluble  in  alkaline  watery  liquids,  is  held  in 
solution  by  uninn  with  the  albuminous  ingredients. 
It  has  been  shown  by  Fokker  that  the  earthy  phos- 

KNOT,    after    niBCvra- *    ,  '^^ 

Uon  111  a  Jiiute  at:«d.  minons  matter  and  become  soluble  in  considerable 
yrom  a  Bpccimcn  prtv  pi.f,poi-tion.  This  explains  the  presence  of  lime  phos- 
nspr  .  phutc  in  a  liquid  form  in  the  blond  and  in  the  milk, 

both  fluids  with  an  alkaline  reaction.  In  the  urine,  on  the  other  hand^ 
it  is  held  in  solution  by  the  acid  sodium  biphoyphato.  Accordingly, 
when  the  urine  is  rendered  alkaline  by  the  addition  of  soda  or  potas-sa, 
the  emrthy  phosphatfs  are  precipitated,  forming  a  white  turbidity. 

The  source  of  the  lime  phosphate  of  the  animal  solids  and  flui<ls  is  in 
the  food.  It  exists  in  nearly  every  animal  and  vegetable  alimentary 
matter  in  common  use.  It  is  found  not  only  in  muscular  Qeah,  eggs, 
and  milk,  and  in  all  the  cereal  graius,  as  wheat,  rye,  oats,  barley,  maize, 
and  rice,  but  also  in  peas  and  beans,  the  nutritive  tubers  and  roots,  as 
potatoes,  beets,  turnips,  and  carrots,  and  even  in  juicy  fruits,  such  as 
the  apple,  pear,  plum,  and  cherry. 

After  forming  for  a  time  a  constituent  part  of  the  body,  the  lime 
phosphate  is  discharged  with  the  excretions,  but  slowly  and  in  small 
amount.  According  to  the  oLservations  of  Neubauer  and  Beneke, 
about  0.4  gramme,  on  the  average,  is  daily  expelled  with  the  urine. 
A  slightly  larger  (|uantity  is  found  in  the  feces,  but  this  may  be  only 
a  residue  from  the  undigested  portion  of  the  food.  Only  traces  of  it 
are  to  be  detected  in  the  perspiration.  As  so  large  a  quantity  of  this 
salt,  therefore,  is  contained  in  the  body,  while  so  little  is  expelled 
daily  with  the  excretions,  it  is  evidently  one  of  the  more  permanent 
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conatituenta  of  the  framo ;  comparatively  inactive  in  the  process  of 
internal  metauiorpbosis,  and  serving-  for  the  most  part  as  a  physical 
ingredient  of  the  solid  tissues. 

3.  Lime  Carbonate,  COaCa. 

Lime  carbonate  is  found  in  tbi^  hones,  the  teeth,  the  blood,  the 
lyrnph  and  ohylf,  the  saliva,  and  sometimes  in  the  urine.  In  all  these 
sitnations  it  is  in  much  smaller  [iroportion  than  the  calcareous  phosphate 
with  which  it  is  associated.  In  the  bones,  however,  it  is  next  in  im- 
portance to  the  lime  phosphate,  being  on  the  averajfe  one-seventh  as 
abundant  as  that  salt,  and  much  more  so  than  any  of  thv  remaining 
mineral  ingredients.  In  ihi-  animal  fluids,  its  solubility  i."^  accounted  for 
by  the  presence  of  the  alkaline  chlorides  or  by  that  of  free  carbonic  acid. 

4.  Magnesinm  Phosphate,  2(P04)Mg,. 

Magnesium  pho.sphate  wa.s  fornuTly  a.ssociated  with  the  corresponding 
lime  salt,  under  the  name  of  ihv  enrth>j  phosphates,  owing  to  certain 
rcju^mhlances  in  their  chemical  relations.  Like  the  lime  phosphate, 
which  it  everywhere  accompanies,  though  for  the  most  part  in  smaller 
c|uantity,  it  is  present  in  all  the  tissues  and  fluids  of  the  body.  Thus 
in  the  bones  tho  lime  phosphate  is  in  the  proportion  of  576  parts  per 
thousand,  while  the  mague,«iium  phosphate  forms  only  12.5  parts.  In 
the  blood,  the  calcareous  salt  amounts  to  0.30  fiart  per  thousand,  the 
magnesium  salt  to  0.22  part;  and  in  the  milk  there  are  2.72  parts  of 
lime  j)hosphate  to  0.53  part  of  magnesium  phosphate.  On  the  other 
hand,  the  salts  of  magnesium  have  been  found  in  larger  quantity  than 
those  of  lime  in  the  muscles,  and  nearly  twice  as  abundant  in  the  sub- 
etance  of  the  brain. 

The  magnesium  phosphate  is  di.«charged,  by  the  urine,  in  the  average 
daily  quantity  of  0.6  gram  rue.  The  anumnt  of  both  the  earthy  phos- 
phates together  is  accor<rm^ly  about  I  gramme  per  day  ;  the  magnesian 
salt  being  rather  the  more  abundant  of  the  two. 

Both  the  magnesium  phosphate  and  carbonate,  of  which  latter  salt 
traces  occur  in  the  blood,  appear  to  have  similar  physiological  relations 
with  the  corresponding  salts  of  time,  and  present  the  same  features  in 
their  union  with  the  tissues  and  their  solubility  in  the  animal  fluids. 

5.  Sodium  CMoride,  NaCl 

This  is  undoubtedly  the  most  important  of  the  mineral  constituents 
of  the  body,  as  regards  its  general  distribution  and  its  active  part 
in  the  phenomena  of  nutrition.  It  is  the  most  abundant  of  all,  next 
to  lime  phosphate,  and  is  present  in  all  the  animal  tissues  and  Huids. 
Its  entire  quantity  in  the  Imman  body  is  estimated  by  Dr.  Lankester 
at  110  grammes,  or  nearly  one-quarter  of  a  pound  avoirdupois.  In 
the  blood  it  is  nearly  as  abundant  as  all  the  other  niiueral  ingredients 
together.     Its  proportion  in  various  parts  of  the  body  i.s  as  follows: 
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QUANTITT   OF  Somcil   ClILOBIDB   IN   1000  PaRTS   IN   THE 

Bones    ....     7.02  Saliva     ....  1.53 

Blood    ....    3.36  Milk       ....  0.30 

Bile       ....    3.18  Lymph  ....  5.00 

Gastric  juice         .         .1.70  Sebaceous  matter  .        .  5.00 

Perspiration           .         .     2.23  Urine     ....  5.50 

One  of  the  most  important  characters  of  this  salt  is  its  property  of 
regulating  the  phenomena  of  endosmosis  and  exosmosis,  or  the  tran- 
sudation of  fluids  through  the  organic  membranes.  This  property 
is  shared  by  the  other  mineral  ingredients  of  the  blood,  but  is  more 
important  in  the  case  of  sodium  chloride,  owing  to  its  preponderance 
in  quantity  over  the  rest. 

As  sodium  chloride  is  present  in  all  parts  of  the  body,  it  is  also  an 
important  ingredient  of  the  food.  It  occurs  in  all  animal  food  as  a 
natural  ingredient  of  the  corresponding  tissues.  In  muscular  flesh, 
however,  it  is  less  abundant  than  potassium  chloride,  while,  on  the  other 
hand,  it  is  more  abundant  in  the  blood.  It  exists  also  in  various  kinds 
of  vegetable  food. 

According  to  Boussingault,  it  is  found  in  the  following  proportions 
in  certain  vegetable  substances : 

PfiopoRTioN  OF  Sodium  Chloride  in  1000  Pabtb  in 

Potatoes         .         .        .     0.43  Oats       ....  0.11 

Beets      ....     0.66  Peas       ....  0.09 

Turnips ....     0.28  Beans    ....  0.06 

Cabbage         .        .        .     0.40  Meadow  hay .        .        .  8.28 

The  relative  quantity  of  sodium  chloride  consumed  in  animal  and 
vegetable  food  has  not  been  determined.  In  regard  to  the  demand  for 
this  salt,  however,  there  is  a  striking  difference  between  the  carnivo- 
rous and  herbivorous  animals.  The  carnivora  receive  a  sufiBcient  sup- 
ply with  their  natural  food,  and  usually  show  a  repugnance  to  salt 
as  well  as  to  salted  meats.  On  the  other  hand,  the  horse  and  rumi- 
nating animals  have  an  instinctive  desire  for  salt.  They  greedily  devour 
it,  when  offered  to  them,  in  addition  to  that  naturally  contained  in  their 
food,  and  it  is  shown  by  common  experience  that  a  liberal  supply  of 
salt  is  important  for  their  healthy  nutrition. 

The  same  fact  has  been  demonstrated  in  a  more  exact  manner  by  the 
experiments  of  Boussingault.*  This  observer  made  a  series  of  com- 
parative investigations  upon  the  growth  of  two  sets  of  bullocks  of  the 
same  age  and  vigor,  and  supplied  equally  with  an  abundance  of  ordi- 
nary nutritious  food,  those  of  one  set  receiving  in  addition  each  34 
grammes  of  salt  per  day.  At  the  end  of  six  months  the  difference  in 
the  aspect  of  the  animals  of  the  two  sets  began  to  be  evident,  and 
became  more  marked  as  time  went  on.  The  experiment  lasted  for  a 
year,  and  at  the  end  of  that  time  both  sets  of  animals  had  equally 
increased  in  weight;  but  those  fed  with  ordinary  food  presented  & 

*  Chimie  Agricole.     Paris,  1854,  p.  251. 
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rouerb  and  tanfflod  hkle,  and  a  dull,  inoxcitablo  disposition,  while  in 
thow  which  had  received  the  ndditionni  ration  of  salt  tho  hide  was 
sinootb  and  jarlistcning,  and  the  general  appearance  was  vigorous  and 
animated.  While  these  animals,  therefore,  may  subsist  for  a  time 
upon  the  salt  naturally  contained  in  their  food,  an  additional  quantity 
is  required  to  maintain  the  Bystem  in  good  condition  for  an  indefinite 
period. 

TJiere  is  a  siniilar  necessity  for  salt  aa  an  addition  to  the  food  of  the 
human  speciea.  No  other  condiment  is  so  universally  employed  ;  and 
its  use  seems  to  be  based  upon  an  instinctive  demand  of  the  system  for 
a  substance  which  is  necessary  for  the  full  perfonnanee  of  its  functions. 
Beside  other  properties,  it  no  doubt  acts  in  a  favorable  manner  by 
exciting  the  digestive  secretions,  and  by  assisting  in  this  way  the  solu- 
tion of  the  food.  Food  which  is  tasteless,  however  nutritious  in  other 
respects,  is  taken  with  reluctance  and  digested  with  difficulty ;  while 
the  attractive  flavor  develoj>cd  by  cooking,  and  by  the  addition  of 
salt  and  other  condiments,  excites  the  secretion  of  the  saliva  and  gastric 
juice,  and  thus  facilitates  digestion.  The  sodium  chloride  taken  uith 
the  food  is  afterward  absorbed  from  the  intestine,  and  deposited  in 
various  quantities  In  different  parts  of  the  l)ody. 

Notwithstanding  various  surmises  which  have  been  presented  as  to 
its  possible  decomposition  and  the  recombination  of  its  elements  in  the 
body,  we  have  no  certain  knowledge  of  such  changes  taking  place  in 
the  sodium  chloride  while  a  constituent  part  of  the  animal  frame.  It 
passes  from  the  alimentary  canal  to  the  blood,  from  the  blood  to  the 
tisflues,  and  is  finally  discharged  with  the  urine,  mucus,  and  cutaneous 
perspiration  in  solution  in  these  fluids.  Under  ordinary  circumstances, 
much  the  largest  proportion  passes  out  by  the  kidneys.  The  entire 
quantity  of  sodium  chloride  discharged  with  the  excretions  by  an  adult 
man  is  about  15  gi'ammes  per  day  ;*  of  which  13  grammes  are  contained 
in  the  urine,  and  2  grammes  in  the  iierspiration.  Thus,  of  all  the 
sodium  chloride  contained  in  the  body,  considerably  more  than  ten  per 
cent.  pas?ses  through  the  system  in  twenty-four  hours.  This  plainly 
indicates  its  activity  and  importance  in  the  internal  changes  of  nu- 
trition. 

6.  Potassium  Chloride,  KCL 

This  substance  is  found  in  many,  if  not  all,  of  the  animal  tissues 
and  fluids,  accompanying  the  sodium  chloride,  with  which  it  is  closely 
related  in  its  physiological  characters.  It  is  esjiecially  altundant,  as 
compared  with  sodium  chloride,  in  the  muscles  and  in  the  milk,  less  so 
in  the  blood,  the  gastric  juice,  the  urine,  and  the  perspiration.  Both 
salts  are  neutral  m  reaction,  and  are  reta,ined  in  the  liquid  form  in 
the  blood  and  secretions  by  solution  in  the  water  of  tlu'Sf  fluids. 
Potassium  chloride  is  introduced  as  an  ingredient  of  both  animal  and 


*  y<>iibaiier  tind  Vogpl :  Aimlyne  de?  Htiriis.     Wiesbnden,  1872,  p.  54. 
Palhologie  des  StotTwechstls.     Berlin,  1874,  p.  32U. 
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vegetable  food,  and  is  discharged  with  the  mucus,  the  urine,  and  the 
perspiration. 

7.  Sodium  and  Fotassinm  Phosphates,  Na^HPOi  and  KjHPO«. 

These  substances,  associated  under  the  name  of  the  alkaline  pJioa- 
pftates,  are  of  great  importance  as  ingredients  of  the  animal  body. 
They  exist  in  all  its  solids  and  fluids,  and  in  the  latter  are  present  in 
the  liquid  form  by  means  of  their  ready  solubility  in  water.  They  are 
no  doubt  useful  in  a  variety  of  ways,  but  one  of  their  most  important 
characters  is  their  alkaline  reaction.  This  reaction  is  essential  to  a 
large  number  of  the  vital  processes,  and  is  present  in  all  the  animal 
fluids  contained  in  the  circulatory  system,  or  in  the  closed  cavities  of 
the  body.  An  acid  reaction,  on  the  other  hand,  belongs  to  but  few  of 
the  animal  fluids.  One  of  these  is  a  secretion  employed  in  the  digestive 
process ;  the  rest  are  all  discharged  externally. 

The  following  list  shows  the  comparative  frequency  of  alkaline  and 
acid  fluids  in  the  human  body : 


Fluids  with  an  Alkaline  Reaction. 

Fluids  with  an  Acid  Bbaotion. 

1.  Blood-plasma. 

1.  Gastric  juice. 

2.  Lyrapli. 

2.  Perspiration.       * 

8.  Aqueous  humor. 

3.  Mucus  of  the  vagina. 

4.  Cephalo-rachidinn  fluid. 

4.  Urine. 

5.  Pericardial  fluid. 

6.  Synovia. 

7.  Fluids  of  the  living  muscular 

tissue. 

8.  Mucus  in  general. 

9.  Milk. 

10.  Spermatic  fluid. 

11.  Tears. 

12.  Saliva. 

13.  Bile. 

14.  Pancreatic  juice. 

15.  Intestinal  juice. 

If  we  take  into  account  the  carbonic  acid  exhaled  with  the  breath,  it 
is  evident  that  an  alkaline  condition  is  in  general  characteristic  of  the 
internal  fluids,  while  the  products  of  excretion  present  an  acid  reaction. 

Of  the  internal  fluids  the  most  essential  is  the  plasma  of  the  blood, 
since  it  supplies  the  materials  of  nutrition  to  the  entire  system ;  and  its 
reaction  has  been  found  invariably  alkaline,  not  only  in  man,  but  also 
in  every  species  of  animal  in  which  it  has  been  examined.  This  reac- 
tion is  necessary  to  life,  since  Bernard  demonstrated  that  an  injection 
of  dilute  acetic  or  lactic  acid  into  the  veins  of  a  living  animal  produces 
death  even  before  the  point  of  neutralization  has  been  reached. 

The  alkaline  reaction  of  the  blood-plasma  gives  to  this  fluid  its 
capacity  for  dissolving  carbonic  acid.  According  to  Liebig,  water 
which  holds  in  solution  one  per  cent,  of  sodium  phosphate  can  absorb 
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twice  its  u^unl  proportion  of  carbonic  acid  ;  and  the  oth^T  nlknlinp  salts 
have  a  similar  dissolving?  action  upon  this  jfras.  The  blood  as  it  circu- 
lates amonjk'  the  tissues  absorb«  from  them  the  CArlK)nio  acid  formed  io 
their  substance,  and  carrir's  it  awny  to  Iw  eliminated  by  the  lunfirs.  If 
this  important  property,  which  dt'pcnds  upon  the  alkalescence  of  the 
blood,  be  lost  by  its  neutralization,  the  eiiniination  of  carbonic  acid  by 
the  lung's  is  no  lonjCfcr  possible,  and  the  tissues  become  overloaded  by 
its  accumulation.  This  is  probably  the  cauBC  of  death  in  Bernard's 
experiment. 

The  alkalescence  of  the  blood-plasraa  is  due  in  ^reat  measure  to  the 
ftlkaline  phosphates,  which  are  present  in  human  blood  in  the  proportion 
of  0.87  per  thousand  parts.  A  iMX-uliar  relation  exists  in  this  respect, 
for  different  classes  of  animals,  between  the  alkaline  )>hosphatrs  and  the 
alkaline  carbonates,  which  arc  t<»  l>e  mentioned  hereafter.  Both  these 
groupa  of  saltjs  have,  in  solution,  an  alkaline  reaction  ;  and  l>oth  con- 
tribute to  the  alkalescence  of  the  blood  in  man  and  animals.  But  in  the 
camivorons  animals  it  is  the  ]>hospliates  which  preponderate,  while  in 
the  herbivora  the  carbonatrs  are  Tuare  abundant.  In  species  fed  upon 
both  animal  and  vepetable  foo<l  the  two  kinds  of  salts  are  present  in 
nearly  equal  proportion  ;  and  in  the  same  auimal  either  the  phosphates 
or  the  carbonates  may  1m?  made  to  i>redomimite  1>\'  increasing?  the  pro- 
portion of  animal  or  veg'etable  food  respectively.  This  is  due  to  the 
fact  that  muscular  flesh  is  comparatively  abundant  in  phosphates,  while 
ve/?etable  matters  abound  in  salts  of  the  organic  acids,  which  give  rise 
by  their  decomposition  in  the  system  to  carbonates  of  the  same  bases. 

The  alkaline  phosphates  are  mainly  derived  from  the  food.  They 
circulate  with  the  animal  fluids,  and  are  finally  excreted  under  their  own 
form  in  the  perspiration,  the  mucus,  and  the  urine,  A  partial  exception 
to  this  rule  is  found  in  the  urine,  where  a  portion  of  the  alkaline  sodium 
phosphate  is  replaced  by  the  acid  Idphosphate,  giving-  to  the  whole  fluid 
an  acid  reaction.  The  explanation  of  this  change,  as  geiieruUy  ujider- 
Btood,  is  the  following.  A  nitrogenous  organic  acid  of  new  formation, 
namely,  uric  acid,  makes  its  appearance  in  the  system,  and  is  excreted 
by  the  urine,  in  the  form  of  a  neutral  combination,  as  sodium  urate. 
It  is  believed  to  fombine,  at  the  time  of  its  formation,  with  a  portion 
of  the  sodium  of  the  sodium  phosphate,  and  the  remainder  of  this  salt 
is  thus  converted  into  a  biphosphato.  The  normal  reaction  of  the  urine 
iK  therefore  really  due  to  the  formation  in  the  body  of  an  acid  substance; 
although  the  sobstanc»r  so  produced  does  not  appear  in  the  urine  as  the 
immediate  cause  of  its  acidity. 

There  is  also  evidence  that  a  certjiin  amount  of  phosphoric  acid  is 
formed  in  the  body  by  the  process  of  oxidation.  A  substance  containing 
phosphorus  in  <trganic  combiuation.  known  as  "  lecithine."  ejiists  in 
Various  parts  of  the  system,  especially  in  the  Idood,  brain,  and  nerves, 
and  Ifl  also  taken  with  certain  kinds  of  food ;  but  no  such  sub.stance  is 
met  with  in  the  excreted  fluids,  where  phosphorus  exists  only  in  the 
form  of  the  phoephatic  salts.     It  is  no  doubt  oxidized  iu  the  internal 
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transformation  of  the  organic  substances,  thus  becoming  phosphoric 
acid,  which  in  turn  unites  with  the  alkaline  bases  to  form  phosphates. 
In  this  way  some  of  the  superabundant  acid  is  produced,  which  gives 
rise  to  the  reaction  of  the  excreted  fluids. 

The  sodium  and  potassium  phosphates,  including  the  acid  biphosphate, 
are  discharged  with  the  urine  to  the  amount  of  about  4.5  grammes  per 
day. 

8.  Sodium  and  Potasdmn  Carbonates,  COsNa,  and  CO,K,. 

The  alkaline  carbonates,  as  mentioned  above,  are  associated  with  the 
phosphates  in  all  the  more  important  fluids  of  the  body.  They  are 
readily  soluble  in  watery  fluids,  and  assist  in  producing  the  alkalescence 
of  the  blood  and  secretions.  They  are  partly  introduced  with  the  food, 
where  they  exist  in  limited  quantity,  but  they  arc  formed  in  great 
measure  within  the  body  by  the  decomposition  of  other  salts  of  vege- 
table origin.  Certain  fruits  and  vegetables,  such  as  apples,  cherries, 
grapes,  potatoes,  carrots,  and  the  like,  contain  malates,  tartrates,  and 
citrates  of  the  alkaline  bases.  It  has  heen  often  observed  that  after  the 
use  of  fruits  and  vegetables  containing  the  above  salts,  the  urine  be- 
comes alkaline  from  the  presence  of  the  carbonates.  Lehmann  found, 
by  experiments  upon  his  own  person,  that  within  thirteen  minutes 
after  taking  15.5  grammes  of  sodium  lactate,  the  urine  had  an  alkaline 
reaction.  He  also  observed  that  a  solution  of  this  substance  injected 
into  the  jugular  vein  of  a  dog,  caused  the  urine  to  become  alkaline  at 
the  end  of  from  five  to  twelve  minutes.  The  conversion  of  these  salts 
into  carbonates  takes  place,  therefore,  not  in  the  intestine,  but  in  the 
blood.  The  same  observer  found  that,  in  many  persons  living  on  a 
mixed  diet,  the  urine  became  alkaline  in  two  or  three  hours  after  swal- 
lowing 0.65  gramme  of  sodium  acetate. 

The  organic  acid  in  these  cases  is  decomposed ;  and  the  original  salts 
are  thus  replaced  by  the  alkaline  carbonates,  which  appear  in  the  urine 
a,nd  modify  its  reaction  as  above  described. 

A  preponderance  of  vegetable  food,  accordingly,  influences  the  quan- 
tity of  the  alkaline  carbonates  in  the  system,  and  consequently  the  reac- 
tion of  the  excretions.  As  a  rule,  the  urine  of  man  and  of  the  carnivo- 
rous animals  is  clear  and  acid,  while  that  of  the  herbivora  is  alkaline 
and  turbid  with  calcareous  deposits.  Such  turbid  and  alkaline  urine 
will  often  effervesce  with  acids,  showing  the  presence  of  carbonates  in 
considerable  quantity.  This  difference  depends  upon  the  alimentation 
of  the  animal,  and  although  in  carnivorous  and  herbivorous  animals 
under  ordinary  conditions  the  urine  is  respectively  acid  and  alkaline, 
if  they  be  both  deprived  of  food  for  a  few  days  the  urine  becomes  acid 
in  both,  since  they  are  then,  in  each  instance,  living  upon  their  own 
tissues.  Furthermore,  a  rabbit,  whose  urine  is  turbid  and  alkaline 
while  feeding  on  fresh  vegetables,  if  kept  on  a  diet  of  animal  food, 
soon  produces  an  excretion  which  is  clear  and  acid.  The  reverse  effect 
ia  produced  upon  a  dog  by  changing  his  food  from  meat  to  vegetable 
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Finally,  thr-  urine  of  the  young  calf  while  livinfr  on  the  milk 
mother  is  clear  and  acid ;  but  after  the  aniinal  has  been  weaned 
and  feeds  upon  vegetable  matter,  its  urine  becomes  alkaline  and  turbid, 
like  that  of  the  adult  animal. 

9.  Sodium  and  Potassium  Sulphates,  SO.Na,  and  SO4K,. 

The  Bulphates  arc  constant  ingredients  of  the  body,  and  are  found  in 
several  of  the  animal  fluids,  including  the  blood,  the  lymph,  the  aqueous 
humor,  milk,  siilivn,  mucus,  the  perspirati«pn,  and  the  urine.  They  are 
asually.  however,  in  small  quantity,  a»  compared  with  other  saline  mat- 
ters. In  the  blood  and  the  lymph  they  are  much  les.s  abundant  than 
either  the  chlorides,  phobphatei^,  or  carbonates.  In  the  milk  and  the 
ealiva  there  is  hardly  more  than  a  trace  of  them ;  and  they  have  not 
been  found  in  the  bones,  the  gastric  juice,  the  bile,  or  the  pancreatic 
juice.  They  are  most  abundant  in  the  urine,  where  they  amount  to 
rather  more  than  one-huU"  the  f|ua[itity  of  the  i»hosphates,  and  they  are 
found  also,  in  small  pniprtrtiiui,  in  tht;  feces. 

The  sulphates  are  introduced  into  the  body,  to  some  extent,  with  the 
fof>d  and  drink.  They  are  present,  in  minute  quantity,  in  muscular 
fleah  and  in  the  yolk  of  egg.  They  cxi&t  also  in  certain  vegetable  pro- 
ducts, such  as  the  cereal  grains,  fruits,  and  tuberous  roots,  where  they 
are  lees  abundant  than  the  phosphates,  though  often  more  so  than  the 
chlorides.  Spring  and  river  water,  used  for  drink,  usually  contains  sul- 
phates, including  sulpbite  of  lime,  varying  in  aniotmt.  acc<>r(ling  to 
Payen,  frnni  .003  lo  .06  per  thousand  pnris.  In  the  wnter  of  the  Croton 
river,  with  which  the  city  of  New  York  is  supplied,  they  amount,  aa 
ahovm  by  Prof.  Chandler,  to  a  little  more  than  .007  per  thousand  parts. 

Beside  the  sulphates  introduced  with  the  food  and  drink,  a  certain 
amuunt  of  sulphuric  acid  urigiuates  within  the  body  by  oxidation,  in  a 
mode  analogous  to  that  already  described  for  phosphoric  acid.  The 
albumihoUK  substances,  which  form  so  important  a  part  of  the  solid  food, 
contain  sulphur  as  one  of  their  constituent  elements,  and  a  considerable 
qnaritity  is  accordinf,'ly  iutruduced  into  the  system  in  the  form  of  organic 
combination.  The  entire  quantity  of  sulphur,  thus  forming  part  of  the 
organic  matters  of  the  human  body,  amounts,  according  to  Payen,*  to 
^aboQt  110  grammer5;  and  at  least  1  gramme  is  taken  daily  with  the 
Ibuminous  ingrtdients  of  the  food.  A  portion  is  expellud  with  the 
daily  exfoliation  of  the  hair,  nails,  and  epidermis;  but  no  such  sulphur- 
ous organic  compound  is  discharged  by  the  urine  and  feces  except  in 
insignificant  quantity.  On  the  other  hand,  the  sulphates  are  compar- 
atively abundant  in  the  excretions.  While  thoy  are  to  be  found  in  the 
blood  only  in  the  proportion  of  0.28  per  thousand,  they  exist  in  the 
urine  in  the  proportion  of  from  3.00  to  7.00  parts  per  thousand,  and  are 
discharged  by  this  channel  to  the  amount  of  about  4  grammes  jier  day. 

These  facts  indicate  that  a  notable  t|uantity  of  sulphuric  acid  is  formed 


*  Sul»tance3  Altuientalre2.     Paris,  1865,  p.  68. 
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in  the  body,  durinp  the  dccompoBition  of  allbuminoua  matters,  by  oxi- 
dation of  their  Bulphur.  This  is  confirmed  by  the  fact  that  the  quantity 
of  sulphuric  acid  in  the  sulphates  eliminated  by  the  kidneys  is  increased 
by  a  flfsh  diet,  and  aL^o  by  the  administration  of  sul[)hur  or  a  sulpburet,* 
Dr.  Parkes  estimates  the  quantity  of  sulphuric  acid  thus  produced  in 
the  system  as  about  double  that  taken  in  the  form  of  sulphates  with  the 
food  and  drink.  It  unites  with  the  ulkaline  bases,  displacing  the  weaker 
acida  with  which  they  were  combiiu  d.  and  thus  contributes  indirectly 
to  the  ^neral  add  reaction  of  the  excreted  fluids. 

The  foregoinj?  substances  are  the  moat  important  of  the  inorganic 
ingredients  of  the  body.  They  are  distinguished  from  the  organic  in- 
gredients by  their  corapamtivfly  simple  chemical  composition,  by  their 
external  orijunn,  and  by  the  part  which  they  take  in  the  constitution  and 
nourishment  of  the  animal  frame.  They  are  derived  for  the  most  part 
from  without,  being  taken  directly  from  the  materials  of  tho  inorganic 
world.  There  are  some  exceptions  to  this  rule ;  as  in  the  case  of  the 
alkaline  carbonates  formed  in  the  body  by  decomposition  of  the  salts 
of  the  vegetable  acids;  of  the  sodium  biphosphate  produced  from  the 
neutral  phosphate  by  the  action  of  an  organic  acid,  and  of  the  phos- 
phates and  sulphates  formed  by  the  process  of  oxidation.  But  the 
greater  part  of  the  substances  belonging  to  this  class  are  introduced 
with  the  food,  and  absorlted  by  the  animal  tissues  and  fluids,  in  the 
form  under  which  they  exist  in  external  nature.  The  lime  carbonate 
of  the  bones,  and  the  sodium  chloride  of  the  blood  and  the  tissues,  are 
the  same  substances  as  those  met  with  in  caleareous  rocks,  or  in  sea 
water. 

In  the  process  of  internal  nutrition  they  are  exempt,  as  a  general  rule, 
fi"om  chemical  change.  Some  of  them,  such  as  the  lime  and  magne- 
giura  phosphate's,  are  mostly  deposited  in  the  solid  parts,  and  are  re- 
newed but  slowly,  contributing  mainly  to  the  pby>ical  properties  of  the 
tissues,  and  taking  a  comparatively  small  share  in  tJie  actions  of  repair 
and  waste.  Others,  such  as  water  and  the  alkaline  chlorides,  are  intro- 
duced and  discharged  in  abundance,  passing  rapidly  through  the  system, 
and  playing  an  important  part  In  the  phenomena  of  solution  and  tran- 
sudation. Others,  such  as  the  alkaline  phosphates  and  sulphates,  when 
formed  in  the  body  by  oxidation,  appear  in  tho  urine  as  a  residue  from 
the  decomposition  of  other  substances. 

The  larger  proportion,  however,  of  the  inorganic  matters  arc  reab- 
sorbed from  the  tissues  in  which  they  were  deposited,  and  discharged 
unchanged  with  the  excretions.  They  do  not,  for  the  most  part,  par- 
ticipate directly  in  the  chemical  phenomena  of  the  living  body  ;  but 
rather  serve  to  facilitate,  by  their  presence,  the  necessary  changes  of 
nutrition  in  other  ingredients  of  the  animal  frame. 


CHAPTER    IIL 
HYDROt 'AJiRONACEOUS   SUBSTANCES. 

THE  members  of  this  class  aro  distinguished  from  the  preceding  by 
their  organic  orig-in.  They  appear  as  ]irodiicts  of  the  nutritive  actions 
of  organized  l)eings.  and  ar^  not  introdut'pd  ready  formed  from  the  in- 
organic world.  They  exist  both  in  vegetables  and  in  animals.  In  the 
former  they  are  produced  as  new  combiuatiout^,  under  the  influence  of 
the  vegetative  process ;  and  even  in  animals,  which  feed  upon  vegeta- 
bles or  upon  other  auiniab,  they  ar«  so  modified  by  digoi^tion  and 
atsjsimilation  that  they  present  themselves,  as  final  constituents  of  the 
liody,  under  new  and  specific  forms.  They  all  consist  of  carbon,  hydro- 
gen, and  oxygen,  of  which  carbon  is  present  by  weight  in  e-specially 
large  proportion,  forniing  from  H  to  84  per  cent,  of  the  entire  sub- 
stance.  Owing  to  the  absence  of  nitrogen,  which  in  an  important  ele- 
ment in  organic  matters  of  the  following  class,  they  are  known  ae 
"  nou-nitrogenouH  "  sul>stances.  They  are  divided  into  two  principal 
groups,  namely  :  the  cafbo-hydrateg,  or  substances  containing  carbon, 
with  hydrogen  and  oxygen  in  the  proportions  to  form  water;  and  the 
faltt/  matters,  in  which  the  proportions  of  carbon  and  hydrogen  are 
increased,  while  that  of  oxygon  is  diminished.  The  group  of  the  carbo- 
hydrates includes  starch,  glycogen,  and  sugar. 

Starcli,  CcH.oOj.  ^ 

A  special  physiological  interest  attuches  to  starch  from  the  fact 
that  it  is  the  first  organic  substance  produced,  in  vegetation,  from  inor- 
ganic materials.  The  animal  lx)dy  is  incapable  of  forming  organic 
matter,  and  must  be  supplied  with  these  substances  in  the  food.  But 
vegetablrs  have  the  power  of  combining  inorganic  elements  in  such  a 
way  as  to  produce  a  new  cla*>s  of  iK>die.s,  peculiar  to  the  organic  world, 
^Dd  capable  of  serving  for  nutrition.  This  is  shown  by  numerous  ex- 
periments, in  which  seeds  or  young  plants,  artilicially  cultivated  in  a 
soil  of  clean  tiand,  moistened  only  with  solutions  of  mineral  salts,  have 
germinated,  grown,  and  fructified,  increasing,  many  times  over,  the 
qnantity  of  or^'anic  material  which  they  contained  at  the  beginning. 

This  protluction  of  organic  matter  takes  place  in  the  leaves  and  other 
green  tissued  of  growing  plants,  under  the  influence  of  the  solar  light; 
and  the  first  sul»stance  which  makes  its  app^-arnnce  under  these  condi- 
tions is  nearly  always  starch.  It  is  product'd  from  two  inorganic  mat- 
ters absorbed  from  without,  namely,  carbonic  acid  and  water,  which  are 
deoxidized  by  the  vegetable  tissues,  and  their  elements  combined  t« 
form  a  carbo-hydrate.     This  is  proved  by  the  fact  that  oxygen  ia  ex- 
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haled,  during  the  vegetative  process,  in  the  same,  or  nearly  the  same, 
proportion  as  that  in  which  it  originally  existed  in  the  ci^bonie  acid ; 
and  the  new  substance  produced  contains  hydrogen  and  oxygen  in  the 
proportions  to  form  water.  The  production  of  starch  in  growing  veg- 
etables is  therefore  represented  by  the  following  formula : 

Cakbomo  Acid.     Wateb.  Staboh. 

6  C  Oa     +     5  Ha  O     -    O^^     =    C„  Hj,  O,. 

The  production  of  starch  in  this  way  by  vegetation  is  a  phenomenon 
of  the  first  importance  in  the  economy  of  living  beings.  It  is  the  only 
natural  process  known  to  take  place  on  the  earth  by  which  oxygen  is 
set  free  from  its  actual  combinations.  It  is  a  reduction  of  two  com- 
pounds in  which  the  oxygen  affinity  of  carbon  and  hydrogen  was  fiiUy 
satisfied,  resulting  in  the  formation  of  an  organic  matter  capable  of 
reoxidation.  The  new  substance  so  produced  has  therefore  a  power 
of  combination,  which  may  be  afterward  brought  into  activity  under 
requisite  conditions,  and  which  is  the  theoretical  basis  of  all  force  mani- 
fested by  the  living  organism. 

There  are  two  conditions  requisite  for  the  formation  of  organic  mat- 
ter by  vegetable  tissues:  First,  the  access  of  solar  light,  either  by 
direct  sunshine  or  by  diffused  daylight,  and,  secondly,  the  existence  in 
the  living  plant  of  the  green  coloring  matter  known  as  "  chlorophylle." 
Green  vegetables,  which  absorb  carbonic  acid  and  exhale  oxygen  in  the 
sunshine,  cease  to  do  so  when  daylight  disappears,  and  remain  inactive 
in  this  respect  during  the  night.  On  the  other  hand,  colorless  vege- 
tables, and  the  uncolored  portions  of  green  plants,  have  no  reducing 
action,  even  in  the  daytime. 

The  materials  for  this  reduction  process  in  vegetables,  namely,  car- 
bonic acid  and  water,  are  supplied  from  the  atmosphere  and  the  soil. 
As  the  atmosphere  contains  about  .05  per  cent,  of  its  volume  of  carbonic 
acid,  and  as  the  column  of  air  above  each  square  metre  of  surface,  at  the 
ordinary  barometric  pressure,  weighs  a  little  over  10,000  kilogrammes, 
this  would  give,  by  weight,  7.5  kilogrammes  of  carbonic  acid  to  the 
square  metre,  equivalent  to  30,390  kilogrammes,  or  rather  more  than 
thirty  tons,  over  each  acre  of  land.  Prom  this  abimdant  reserve,  the 
carbonic  acid  is  supplied  for  vegetation.  It  is  absorbed  directly  by  the 
foliage  in  contact  with  the  atmosphere,  and,  brought  down  in  solution 
by  the  rain,  it  is  taken  up  by  the  roots  and  transferred  to  the  letivee 
by  the  vegetable  juices.  The  activity  of  the  reducing  process  has  been 
measured  by  Boussingault.*  He  found  that  a  single  fresh  oleander  leaf 
in  sunshine  decomposed  in  two  successive  days  nearly  49  cubic  centi- 
metres of  carbonic  acid ;  and,  as  a  mean  of  six  similar  experiments, 
each  square  centimetre  of  leaf  surface  decomposed  1.33  cubic  centi- 
metres of  the  gas,  exhaling  an  equal  volume  of  free  oxygen.  It  is 
estimated  by  Hoppe-Seyler,  that,  considering  the  amount  of  oxygen 
consumed  by  animal  organisms  and  the  time  during  which  these  organ- 


*  Comptes  rendus  de  rAcad^mie  des  Sciences,  Paris.    Tome  LXI.,  pp.  498,  502. 
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ftme  Have  exit^ted  upon  the  earth,  the  whole  of  the  free  oxyjren  now 
pret^ent  iu  the  atmosphere  luuBt  have  once  been  liberated  from  its  com- 
biimtiouis  by  the  vegetative  process. 

When  first  produced  iu  the  vegetable  tissue,  starch  is  in  the  form 
of  minate,  rounded,  homogeQeous  granules.  These  granules  after- 
ward increase  in  bulk,  reaching 

a   size   which  varies   in    differ-  Fig.  2. 

eat  iotitauces  from  2.5  to  50  or 
60  mmni*  in  dianuter.  They 
often  acquire  a  definite  struc- 
tare,  each  granule  exhibiting 
under  the  microscope  a  serieu  /  O 
of  layeri^  or  concentric  markings, 
arranged  round  a  single  point, 
like  the  scar  of  a  ripe  .-^eed, 
which  is  termed  the  "  hiUnn," 
These  cbaractert"  differ  more  or 
let>8.  according  to  the  period  of 
growth  of  ihe  starch  granul*' 
and  the  tissue  from  which  it 
^  derived;  but  they  are  suffi- 
ciently well  marked  in  nearly 
all  the  varieties  whJoli  are  pre- 
pared for  food  or  employed  in  the  arts.  The  starch  grains  of  the  potato 
are  among  the  most  characteristic. 

The  successive  layers  of  which  starch  granules  are  composed  differ 
mainly  in  their  consistency,  being  alternately  harder  and  .softer,  thus 
producing  a  corresponding  dillcrcnce  in  refractive  power,  and  an  appear- 
ance of  concentric  striation.  Each  granule,  furthermore,  consists  of 
two  substances,  intimately  mingled  in  every  part  of  its  mass,  which 
refeemble  each  other  completely  in  chemical  composition,  but  differ  in 
solubility.  These  substance:^  are,  first,  granulo»e,  which  may  be  ex- 
tracted from  the  starch  grain  by  boiling  water ;  and,  second,  cellulose, 
which  remains  undissolved.  The  granulose  is  usually  much  the  more 
abundant  of  the  two,  but  tlie  celhilo.'^e  has  so  marked  a  consistency 
that  it  retains  the  form  and  laminated  appearance  of  the  starch  grain. 
after  extraction  of  the  granulose,  though  reduced  to  five  or  six  per 

It.  of  its  original  weight. 

As  starch  i.>  the  earliest  and  simplest  product  of  vegetation,  it  is  most 
abundantly  diffused  through  the  vegetable  kingdom,  and  exists,  for  at 
lea*t  a  certain  period,  in  every  plaut  which  ha*  yet  been  examined  for 
It,  It  occurs  especially  in  seeds,  in  the  cotyledons  of  the  young  plant» 
in  roots,  tubers,  and  bulbs,  in  the  pith  of  stems,  and  sometimes  in  the 
barL     It  is  very  abundant  in  corn,  wheat,  rye,  oats,  and  rice,  tn  the 

*The  »igTi  mmni.  ^tniidH  fur  micio-millimrlre',  that  u,  the  one-thousandlh  part  of  a 
BulUmetre.  A  millimetre  is  very  nearly  equivalent  to  one  iwcuty-fifth  of  aii  inch  ; 
and  R  micro-millimetre,  ococrdiugly,  is  about  jj^gg  of  on  inch. 
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potato,  in  peas  and  Iteans.  and  ia  most  vegetable  substances  used  as 
food.  It  constitutes  almost  entirely  the  preparations  known  as  eago, 
tapioca,  arrow-root,  and  maizena.  which  are  nothing  more  than  varie- 
ties of  starch,  extracted  from  different  plants. 

The  following;  lit^t,  compiled  mainly  from  the  tables  of  Payen,*  shows 
the  percentag-e  of  starch  in  various  kinds  of  food: 

Qtjaktitt  of  Staboh  in  100  Parts  in 

Wheat  ....  57.88  Potatoes     .  ,  .  20.00 

Rye       ....  64.65  Sweet  potatoes  .  .  16.05 

Oats      ....  60.59  Peas    ....  37.30 

Barley  ....  06.43  Beans.  ,  .  38.00 

iDdion  rorn   .        .        .  67.55  Flaxseed  .  .  23.40 

Kjce       ....  88.65  Chocolate  nut  ,  .  11.00 

Starch  derived  from  all  these  sources  has  essentially  the  same  chemi- 
cal composition,  and  may  he  recopnized  by  the  same  tests.  It  is  in- 
soluble in  cold  water,  but  if  treated  with  about  twenty  times  its  weight 
of  boiling  water  its  granules  swell,  iK'Come  gelatinous  and  amorphous, 
combine  with  u  certain  proportion  of  water,  and  fuse  into  an  opaline 
liquid,  which  is  thicker  or  thinner  according  to  the  quantity  of  wat^r 
present,  and  which  solidifies,  on  cooling,  into  a  nearly  homogeneous 
paste,  the  water  remaining  united  with  the  amylaceous  matter.  The 
starch  is  then  in  a  pa.Bty  and  amorphous  condition,  its  chemical  proper- 
ties remaining  esseutially  unaltered.  If  treated  with  100  or  150 
part.s  of  water  at  the  boiling  temperature  it  makes  a  liquid  which  does 
not  gelatinize  on  cooling ;  but  the  iiuperfeetly  liquefied  portions,  con- 
taining the  insoluble  cellulose,  gradually  subside  as  a  turbid  deposit, 
while  the  soluble  starch  remain.s  above,  forming  a  clear  and  colorless 
liquid. 

Starch  is  especially  distinguished  by  its  property  of  striking  a  blue 
color  with  iodine.  This  reaction  will  take  place  even  with  raw  starch, 
and  its  granules  may  be  recognized  under  the  microscope  by  this 
means.  It  is  still  more  prompt  when  the  .starch  has  been  boiled  to  a 
paste,  and  especially  when  it  is  in  solution.  A  minute  quantity  of  tinc- 
ture of  iodine,  added  to  a  .etarch  solution,  produces  at  once  a  deep  blue 
color,  which  may  be  largely  diluted  without  losing  its  characteristic 
tinge.  This  test,  however,  must  be  employed  at  a  moderate  tempera- 
ture. If  the  solution  be  too  hot,  no  visible  reaction  will  occur;  and 
even  after  it  has  taken  place,  if  heat  be  ap])lied  the  blue  color  will  dis- 
appear, to  return  again  after  cooling  down  to  the  proper  temperature. 
The  iodine  must  also  be  used  in  a  free  state.  If  added  in  the  form  of 
a  soluble  iodide  it  will  produce  no  effect,  since  the  starch  has  not  suf- 
ficient affinity  to  withdraw  it  from  its  union  wnth  other  matters. 
Finally,  no  third  substance  must  be  present  which  would  be  capable  of 
combining  with  the  iodine  and  thus  preventing  its  action  on  staich. 
Many  animal  tluids,  such  as  the  serum  of  blood,  saliva,  mucus,  and  urine, 


*  SubstoDces  Alimentaires.    Parts,  1865. 
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contain  ingredient!^  whicii  intrrftTo  with  the  reaction,  and  may  ••ven 
disjiipatt'  tho  IjIih*  color  after  it  has  bei>u  produci-d.  Thtise  substances 
must  be  removed  before  the  application  of  the  test,  or  the  iodine  must 
be  added  in  excess  to  allow  for  action  on  the  starch.  ^Vith  these  pre- 
eautions  it  forinsi  a  valuable  tent. 

Starch  has  the  property  of  being  changed,  under  certain  conditions, 
into  two  other  substances. 

1.  If  subjected  to  torrefaction,  that  is.  a  dry  heat  of  210°  C.  (about 
400*^  F.),  it  is  converted  into  Dextrine,  a  gummy  substance  soluble  in 
water,  so  called  from  the  fact  that  in  solution  it  rotates  the  plane  of  the 
polarized  ray  toward  the  right.*  Dextrine  has  the  same  chemical  com- 
{K)sttion  with  starch,  but  its  physical  properties  are  different,  and  when 
treated  with  iodine  it  takes  a  rosy  red  instead  of  a  blue  color.  The 
fiame  transformation  of  starch  is  accomplished  by  boilin>r  with  a  dilute 
•cid;  the  solution  becoming  in  a  few  minutes  clear  and  liquid,  and 
changing  its  reaction  with  iodine.  Finally,  in  the  germination  of 
certain  starchy  seeds,  such  as  the  cereal  grains,  the  transformation  of 
etureh  into  soluble  dextrine  takes  [jlace  in  the  presence  of  moisture  at 
moderate  temperatures,  under  the  influence  of  a  nitrogenous  ferment. 

2.  Starch  may  be  converted  into  Sugar.  When  a  starch  solution  or 
thin  starch  paste  is  boiled  with  a  dilute  acid,  it  is  first  changed,  as  de- 
scribed above,  into  dextrine.  But  by  continued  boiling  for  several 
hours  it  begins  to  be  further  transformed  into  sugar,  and  at  last  it  passes 
wholly  into  the  saccharine  condition.  The  same  conversion  takes  place 
during  the  germination  and  growth  of  plants,  where  sugar  makes  its 
appearance  at  the  ex])ensi'  of  the  starch,  as  soon  as  tho  requisite  moist- 
ore  and  warmth  are  sujjplied.  This  is  the  usual  source  of  sugar  in 
vegetable  juices,  the  starch  previously  stored  up  being  changed  into 
sugar  by  the  molecular  actions  going  on  in  the  vegetable  fabric.  Finally, 
various  nitrogenous  animal  Hub.stances,  like  those  in  tho  saliva  or  the 
intestinal  juices,  at  the  temperature  of  38'^  C,  have  the  same  effect. 
This  is  the  change  which  normally  takes  place  during  digestion. 
Starchy  substances,  when  taken  as  food,  are  changed  into  sugar  in 


*  A  ray  of  lipht  wh ich  has  ptiiwecl  through  certain  cryrtalline  bodies,  such  as  a 
"  Nicol'ii  prbra  "  of  Icolnnd  sptir,  is  f(»Hn<l  to  be  jntlttrised  ;  thut  is,  it  has  acquired 
opposite  and  completiientftrv  prnpertiei*  in  two  diftercjit  «iirectiirnfl.  For  if  received 
b<r  a  secund  Mmtlar  prism,  which  in  equally  tr:tii»ipnreiil  in  all  pa^itioiis  to  ordinary 
light,  the  polarized  ray  will  piuu;  thrnngli  it  only  wh^n  the  principal  Miction  nf  the 
•ecnnri  printu  is  parallel  with  that  of  the  Hr^t ;  but  when  the  HL-cond  prinm  \h  turned 
llound  90°,  the  light  is  arrtHted.  Now  if  certain  nrj^iinio  snbHliihecs  in  stjliitiun  be 
pljicwl  between  the  two  pri.im«,  it  i»  found  thut  they  Imve  the  effect  of  chiinginii!  the 
An^le  at  which  the  Heeond  prism  nuist  Htund  in  order  to  firreat  or  tntrmmit  the  light 
from  the  (int.  In  other  wordji,  tho  plune  of  polarization  of  tlie  polarized  ray  boa 
h«?en  ricviated  or  rotated  by  the  organic  liqiii<i  Some  snlwtances  deviate  the  plane 
of  polarization  toward  the  right,  otiiers  toward  tlie  left.  The  fi[MKMfic'  rotiiry  power 
of  each  Ls  ertimated  for  a  !>oiiition  of  standard  ptrengtb  and  quantity,  for  yellow 
light,  «nd  h  indicated  in  degrevs  of  the  circle.  The  specific  rotary  power  of  dex> 
tmeiji  118°. 
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the  alimentary  canal,  and  under  that  form  are  absorbed  into  the  cir- 
culation. 

It  is  evident,  therefore,  that  starch*  although  the  earliest  organic  mat- 
ter produced  by  vegetation,  is  not  the  form  under  which  it  takes  part 
in  nutrition.  It  is  mainly  formed  in  the  leaves,  but  remains  there  only 
as  a  temporary  product.  Its  granules  become  liquefied,  and  it  is  trans- 
ported, as  soluble  dextrine  or  sugar,  to  other  and  distant  parts  of  the 
plant.  There  it  resumes  the  solid  form,  and  is  either  changed  into  cel- 
lulose, for  the  woody  fibre  of  the  growing  tissues,  or  is  deposited  as 
starch  in  the  seeds,  tubers,  or  fleshy  roots  of  the  plant.  It  is  in  these 
situations  that  the  principal  accumulation  of  starchy  matter  takes  place; 
and  it  there  forms  a  reserve  material,  to  be  afterward  employed  for  the 
nutrition  of  animals,  or  for  the  growth  of  the  young  plant.  In  either 
case  it  again  undergoes  a  preliminary  transformation.  In  the  germina- 
tion of  a  seed,  its  starch  is  liquefied  by  conversion  into  dextrine  and 
sugar,  before  it  can  be  appropriated  by  the  growing  tissues ;  and  if  con- 
sumed as  food  by  man  or  animals,  it  undergoes  the  same  transformation 
in  the  digestive  process. 

Sugar. 

The  proximate  principles  designated  under  this  name  include  a  vari- 
ety of  substance.s  which  have  certain  well-marked  characters,  and  are 
of  frequent  occurrence  in  both  animal  and  vegetable  juices.  They  are 
crystallizable  and  soluble  in  water,  and  have,  when  in  solution,  a  sweet 
taste,  which,  in  some  varieties,  is  very  highly  developed.  They  are  all 
decomposed  by  heating  with  sulphuric  acid ;  their  hydrogen  and  oxygen 
being  driven  off,  while  the  carbon  remains  behind  as  a  black  deposit. 
In  this  condition  they  are  said  to  be  carbonized.  The  proportions  in 
which  they  occur  in  various  articles  of  food,  according  to  the  tables  of 
Payen,  Von  Bibra,  and  a  few  other  observers,  are  as  follows  : 
Quantity  of  Sugar  in  100  Pakts  in 

Cherries 

Apricots 

Peaches 

Pears    . 

Juices  of  sugar-cane 

Sweet  potatoes 

Beet  roots    . 

Parsnips 

The  most  important  varieties  of  this  substance,  in  a  physiological 
point  of  view,  are  glucose,  cane  sugar,  and  milk  sugar. 

1.  Olucose,  CcHi.Oc. 

Glucose,  also  called  grape  sugar,  from  its  abundance  in  the  juice  of 
the  ripe  grape,  may  be  considered  as  the  representative  of  the  saccha- 
rine substances.  It  occurs  more  frequently  than  any  other  in  the  ani- 
mal fluids,  being  found  in  the  juices  of  the  liver,  in  the  chyle,  the  blood, 
and  the  lymph.     In  diabetes  it  is  abundantly  excreted  with  the  urine. 


18.12 

"Wheat  flour  . 

.     3.38 

16.48 

Rye  flour 

.     3.46 

11.61 

Barley  meal  . 

.     3.04 

11.52 

Oat  meal 

.     2.19 

18.00 

Indian  corn  meal . 

.    8.71 

10.20 

Cow's  milk   . 

.    5.20 

8.00 

Goat's  milk  . 

.    6.80 

4.50 

Beefs  liver  . 

.    1.79 
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It  is  also  found  in  the  juices  of  many  plants,  in  various  sweet  fruits, 
and  in  honey,  where  it  is  associated  with  certain  other  varieties.  It  is 
freely  soluble  in  water.  Its  solution  has  a  moderately  sweet  taste,  and 
deviates  the  plane  of  polarization  toward  the  right  53.5°. 

It  is  this  form  of  sugar  which  is  produced  from  starch  by  boiling 
with  dilute  acids,  by  the  action  of  the  digestive  fluids,  and  in  the  plant 
during  germination.  The  change  consists  in  the  assumption  by  starch 
of  the  elements  of  water,  the  new  substance  thus  produced  being  still 
a  carbo-hydrate.  The  transformation  of  starch  into  glucose  is  there- 
fore represented  as  follows : 

Stabch.    Water.      Glccosb. 

Olncose  may  be  recognized  in  solution  by  various  tests.  First,  the 
action  of  alkalies  at  a  boiling  temperature.  If  a  solution  of  glucose 
be  heated  with  a  solution  of  potassium  hydrate,  the  sugar  is  decom- 
posed and  the  liquid  assumes,  first,  a  yellowish  and  then  a  brown  color, 
which  becomes  deeper  in  proportion  to  the  amount  of  glucose  and  alkali 
in  the  solution.  This  is  not  an  exclusive  test  for  glucose,  as  some  other 
organic  matters  are  discolored  in  a  similar  way  by  the  strong  alkalies ; 
but  it  will  serve  to  distinguish  it  from  cane  sugar,  which  does  not  pos- 
sess this  property. 

Secondly,  the  test  most  commonly  employed  for  glucose  depends 
upon  its  power  of  reducing  the  salts  of  copper  in  a  boiling  alkaline 
folution.  This  test,  which  is  known  as  "  Trommer's  test,"  is  applied 
in  the  following  manner:  A  small  quantity  of  copper  sulphate  in 
solution  is  added  to  the  suspected  liquid  and  the  mixture  rendered 
alkaline  by  the  addition  of  potassium  hydrate.  The  solution  then 
takes  a  blue  color.  On  boiling  the  mixture,  if  glucose  be  present,  the 
copper  suboxide  is  thrown  down  as  an  opaque  red,  yellow,  or  orange- 
colored  deposit;  otherwise  no  change  takes  place.  In  this  reaction 
the  sugar,  which  is  oxidized  at  a  high  temperature  under  the  influence 
of  the  alkali,  takes  a  portion  of  its  oxygen  from  the  copper  salt  and 
reduces  it  to  the  form  of  insoluble  suboxide. 

Some  precautions  are  necessary  in  the  use  of  this  test.  As  a  general 
rule,  the  quantity  of  copper  sulphate  added  to  the  liquid  under  ex- 
amination, should  be  only  sufficient  to  give  a  distinct  blue  tinge  after 
the  addition  of  the  alkali.  If  the  copper  salt  be  used  in  excess,  the 
sugar  in  solution  may  not  be  sufficient  to  reduce  the  whole  of  it ;  and 
that  which  remains  as  a  blue  sulphate  may  mask  the  yellow  color  of 
the  suboxide  thrown  down  as  a  deposit.  This  difficulty  may  be  removed 
by  due  care  in  the  proportion  of  the  ingredients. 

Furthermore,  there  are  some  albuminous  substances  which  interfere 
with  the  test,  and  prevent  the  reduction  of  the  copper,  even  when 
sugar  is  present.  Certain  animal  matters,  to  be  described  hereafter, 
w^hich  are  liable  to  occur  in  the  gastric  juice  and  in  the  blood,  have 
this  effect. 

The  ordinary  ingredients  of  the  urine  also  interfere  with  Trommer's 
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test,  80  that  no  precipitate  takes  place  when  glucose  is  present,  although 
the  liquid  turns  yellow  on  boiling.  A  very  large  proportion  of  glucose 
may  be  added  to  fresh  urine  without  giving  rise  to  a  pulverulent  pre- 
cipitate on  the  application  of  the  test ;  notwithstanding  that,  if  dis- 
solved in  pure  water,  it  will  react  when  present  in  the  proportion  of 
one  part  to  10,000.  The  interference  of  urine  with  Trommer's  test 
depends,  not  upon  its  preventing  deoxidation,  but  upon  its  retaining 
the  reduced  copper  oxide  in  solution,  since  the  color  of  the  mixture 
changes  from  blue  to  yellow,  although  no  precipitate  takes  place.  It 
is  also  shown  by  Dr.  Fowler*  that  if  the  precipitate  resulting  from 
Trommer's  test  with  a  watery  solution  of  glucose  be  added  to  boiling 
urine,  it  is  redissolved.  The  same  observer  has  devised  a  method  of 
applying  the  test  to  urine  containing  glucose.  A  certain  quantity 
of  urine  can  dissolve  only  a  certain  amount  of  copper  oxide ;  and  if 
the  copper  sulphate  solution  be  add^d  to  a  specimen  of  saccharine  urine 
in  large  proportion,  the  excess  will  be  precipitated  and  show  itself  as 
a  deposit.  A  copper  sulphate  solution,  made  in  the  proportion  of  1  part 
copper  sulphate  to  7.5  parts  of  water,  and  added  to  saccharine  urine  to 
the  amount  of  one-half  or  one-third  its  bulk,  will  generally  produce  a 
satisfactory  reaction. 

All  such  sources  of  error  may  be  avoided  by  treating  the  suspected 
fluid  with  animal  charcoal,  or  by  evaporating  it  to  dryness,  extracting 
the  dry  residue  with  alcohol,  and  then  dissolving  the  dried  alcoholic 
extract  in  water,  before  applying  the  test.  Either  of  these  processes 
will  remove  the  substances  liable  to  interfere  with  the  test. 

A  more  delicate  reagent  for  glucose  is  that  knowna  as  "Fehling's 
liquor,"  which  is  an  alkaline  solution  of  a  double  copper  and  potas- 
sium tartrate.     It  is  made  as  follows : 

I*nre  crystallized  copper  sulphate 40  grammes. 

Nentral  potassium  tartrate 160        " 

A  solution  of  sodium  hydrate  of  the  specific  gravity  1.12    650        " 

The  neutral  potassium  tartrate,  dissolved  in  a  little  water,  is  first 
mixed  with  the  solution  of  sodium  hydrate.  Then  the  copper  sulphate, 
dissolved  in  160  cubic  centimetres  of  water,  is  gradually  added  to  the 
alkaline  liquor,  which  assumes  a  clear,  deep  blue  color.  The  whole  is 
finally  diluted  with  water  to  the  volume  of  1154.4  cubic  centimetres. 
If  one  drop  of  this  liquid  be  added  to  one  cubic  centimetre  of  a  saccha- 
rine solution  and  heat  applied,  it  will  detect  one-fifteenth  of  a  milli- 
gramme of  glucose  by  the  reduction  of  the  copper  oxide.  One  advantage 
of  this  test  is  that  the  quantity  of  copper  salt  contained  in  a  given 
volume  is  accurately  known,  and  consequently  the  amount  of  glucose 
in  any  solution  may  be  determined  by  the  quantity  of  test  liquid  which 
it  decomposes  at  a  boiling  temperature.  One  cubic  centimetre  of 
Fehling's  liquor  is  exactly  decolorized  by  ^j^^jth  of  a  gramme  of  glucose. 

An  inconvenience  connected  with  Fehling's  liquor  is  that,  by  expo- 


*  New  York  Medical  Journal,  June,  1874,  p.  632. 
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tmrp  to  air  nnd  li^'ht,  it  nndorjrors  an  nltcration,  in  which  some  of  its 
turtunc  acid  is  rpplu^^ed  by  carbonic  acid.  In  Ihia  condition  it  will  par- 
tially precipitate  on  boiling,  even  without  the  prewnce  of  sugar.  It 
should,  therefor*',  be  kept  in  bottles  which  nrr  (juite  full  and  |>rotected 
f^om  the  lifrht ;  and,  whenever  a  jsuspected  flui<l  is  to  be  examined,  a 
small  pi^rtion  of  the  test-liquor  should  be  previously  boiled,  to  make 
snri*  that  it  htt»»  not  underj?one  decomposition.  Although  by  exposure, 
at  a  pumner  temperature.  Pehling's  liquor  may  become  altered  at  the 
pnd  «»f  n  week,  yet  if  protected  from  the  light,  in  carefully  closed  and 
full  bottles,  rt  can  be  kept  unchanged  for  several  years. 

Thirdly,  one  of  the  most  marked  properties  of  glucose,  available  as 
a  te^t.  ifl  itB  capacity  for  fermentaiion.  If  a  nniall  quantity  of  bcer- 
yeast  bi*  added  to  a  gluco.se  solution,  and  the  mixture  kept  at  a  tem- 
{K>ratare  of  25°  C,  after  a  short  time  it  hecomen  turbid.  It  then  l>ogin8 
to  liberate"  carbonic  acid,  which  is  partly  dissolved  in  the  liquid  and 
H  partly  giveji  off  In  the  form  of  ga.?  bubble.^,  which  rise  to  its  Burface, 
From  thin  circumstance  the  process  has  received  the  name  of  "  fermen- 
tation" or  boiling.  At  the  .same  time  the  sugar  is  gradually  destroyed 
and  alcohol  appears  in  its  place.  Finally  the  whole  of  the  glucose  is 
decomposed,  having  l»een  converted  principally  into  alcohol  and  car- 
bonic acid.  The  transformation  is  expressed  as  follows: 
GLrcosE.  Ai,r<inc>i,.  Carbonio  Acid. 
C«H,.0,  -   2f,H„0     -K       2CO,. 

When  this  change  is  complete,  the  fermentation  stops  and  the  liquid 
becomes  clear,  its  turbid  contents  subsiding  to  the  bottom  as  a  whitish 
layer.  This  layer  is  itself  found  to  consi.st  of  yeast,  which  has  iucrea»ed 
in  quantity  over  that  originally  added,  and  is  capable  of  exciting  fer- 
mentation in  other  saccharine  liquids. 

If,  instead  of  pure  irlucose,  we  employ  the  expressed  Juices  of  certain 
firuiu,  like  those  of  the  grape,  which  contain  albunjinoid  mutters  in 
addition  to  glucose,  fermentation  begins  after  a  certain  period  of  ex- 
|)osnre,  and  goes  on. with  the  same  phenomena  as  before.  This  is  the 
source  of  all  the  vinous  nnd  alcoholic  fluids  used  by  man  \  namely,  the 
fermentation  of  fluid.--  eoutainlug  glucose  or  a  similar  saccharine  sub- 
stance. 

The  fennentation  of  gluco.^e  is  due  to  the  action  of  a  colorless  micro- 

)pic  fungus,  known  as  SacrharomyreH.  This  plant  con.sists  of  cells, 
which  multiply  by  a  process  of  budding,  but  do  not  produce  filamenta, 
nor  any  compound  vegetable  fabric.  The  species  present  in  Ijcer-yeast 
fe  the  "  Saccharomyces  cerevisiie."  Its  cells  are  usually  rounded  in 
form,  sometimes  oval  (FiK".  •^).  Th«\v  vary  in  size,  the  greater  num- 
ber having  a  diameter  nf  nbout  In  mmm.  They  hnv«»  a  thin  investing 
lotegument,  which  incloses  a  finely  granulnr  .■<emi-.s«jli«i  substance,  often 
containing  rounded  cavities  or  vacuoles  liil^^l  with  flui<l.  The  cells  are 
mostly  isolated,  but  occasionally  two  of  them  may  be  seen  adhering 
together.  There  iis  a  small  amount  of  intercellular  liquid,  containing 
albuminous  matter  and  mineral  salts. 
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Fig.  3. 


SAOCHABOMycBs  CsRKvisi^  in  itH  quiescent  con- 
dition; trom  deposit  of  beer-yeast,  after  fermen- 
tation. 


When  yeast  is  added  to  a  warm  solution  of  glucose,  the  cells  of 

the  yeast-plant  after  a  short  time 
begin  to  multiply  by  budding. 
The  buds  increase  rapidly  in  size, 
and,  when  the  young  cell  has  be- 
come nearly  as  large  as  its  pa- 
rent, it  usually  separates  and  be- 
gins an  independent  existence. 
While  in  this  condition  the  cells 
are  mostly  oval  in  form,  with 
an  average  diameter  of  but 
little  more  than  8  mmm.  Often 
two  or  three  are  seen  con- 
nected together,  forming  monil- 
iform  chains.  It  is  by  the 
active  growth  and  development 
of  the  cells  during  this  process 
that  the  glucose  of  the  solution  is 
decomposed,  and  alcohol  and  car- 
bonic acid  produced  in  its  place. 
Another  species  of  saccharom3m:es  forms  the  fungus  of  bread-yeast, 

and  a  third  the  ferment  of  grape- 
•  juice,  by  which  it  is  made  to 

undergo  the   vinous  fermenta- 
tion. 

When  fermentation  is  used  as 
a  test,  a  little  beer- yeast  is  added 
to  the  supposed  saccharine  fluid, 
and  the  mixture  kept  at  the 
temperature  of  25°  C.  The  gas 
given  off  during  the  process  is 
collected  and  examined,  and  the 
remaining  fluid  is  purified  by 
distillation.  If  the  gas  evolved 
be  carbonic  acid,  and  if  the  dis- 
tilled liquid  contain  alcohol,  there 
can  be  no  doubt  that  a  ferment- 
able sugar  was  present  in  the 
solution.  Glucose  undergoes  fer- 
mentation more  readily  and  more  completely  than  the  other  varieties 
of  sugar. 

2.  Lactose,  C„H,«0,„  Sugar  of  Milk. 
Lactose  is  the  saccharine  ingredient  of  milk,  the  only  fluid  in  which 
it  is  known  to  occur.  It  is  less  freely  soluble  than  glucose,  and  is  less 
sweet  to  the  taste.  In  watery  solution  it  rotates  the  plane  of  polari- 
zation to  the  right  58°. 20.  In  chemical  composition  it  is  isomeric  with 
glucose,  which  it  resembles  in  being  decomposed  and  turned  brown  by 


SAOCBABOMTCKsCKUEVistiiK  in  act  ivv  germination. 
From  fermenting  saccharine  solution. 
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boilinp  alkalies,  in  reducing:  the  coppt^r-oxidt'  in  TrommerV  and  Fehlinp's 
teetB.  and  in  underji^oing  the  alcoholic  fermentation  by  the  influence 
of  yeast.  It  enters  into  fermentation,  however,  very  slowly,  as  com- 
pared with  glucose,  and  the  process  is  usually  incomplete.  In  the 
fermentation  of  milk,  a  part  of  it**  suirar  is  converted  into  lactic  ncid, 
CjH^O,,  also  B  carbo-hydrate.  By  boilinrr  with  dilute  sulphuric  or 
hydrochloric  acid,  lactose  becomes  readily  and  completely  fermentable. 
This  sugar  forms  an  important  element  in  the  food  of  the  infant,  in 
which  it  is  a  constant  ingredient.  It  is  formed  in  the  mammary  gland, 
probably  by  transformation  from  glucose,  but  the  exact  method  of  its 
production  is  unknown.  It  in  dipcharged  with  the  milk,  as  a  reserve 
material  for  the  nutritioo  of  the  infant. 

3.  Saccharose,  C|.,Hi^Oii,  Cane  Sugar. 

This  variety,  the  oldest  knowTi  species  of  sugar,  is  derived  from  the 
j nicies  of  the  sugar-cane,  where  it  exists  in  great  abundance.  It 
solidifies,  on  cooling  from  a  hot  concentrated  solution,  in  white  granular 
crystalline  maaeses;  the  form  in  which  it  is  generally  used  for  culinary 
purposes.  If  crystallized  more  slowly  it  furnishes  large,  colorless, 
prismatic  crystals,  known  ai;  "rock  candy"  or  "sugar  candy."  This 
sn^ar  is  also  obtained  from  the  juices  of  the  beet-root,  and,  im- 
perfectly purified,  from  those  of  the  sorghum  and  the  sugar-maple.  It 
exist.'*  to  some  extent  in  the  green  stems  of  Indian  corn,  in  sweet 
potatoes,  in  parsnips,  turnips,  and  carrots,  and  in  the  spring  juices  of 
the  birch  and  walnut  trees.  Honey  i.s  a  mixture  of  glucose  and  saccha- 
rose with  various  other  substancei«. 

Cane  sugar  originate.s  from  ghieo.^e,  in  the  process  of  vegetation,  by 
a  change  the  reverse  of  that  by  which  glucose  is  formed  from  starch, 
that  is,  by  dehydration.  A  comparison  of  the  chemical  composition  of 
(be  two  substances  will  show  the  manner  in  which  the  transformation 
place,  namely : 

GtncoeB.      Watkb.  Canis  8uoAn, 
2(C,Hj,0,)-Il30  =  0,,n„0„. 

Saccharose  is  the  most  soluble  of  the  sugars,  and  has  the  strongest 
sweet  taste.  It  rotates  the  plane  of  polarizatiim  to  the  right  73**.84. 
It  differs  from  glucose  by  the  fact  that  it  is  not  turned  brown  by  boiling 
with  an  alkali,  and  does  not  reduce  the  copper-oxide  in  Trommer's  test. 
It  may  be  converted  into  glucose,  however,  by  a  few  seconds'  boiling 
with  a  dilute  mineral  acid,  and  will  then  react  promptly  with  boiling 
alkalies  and  with  Trommer's  test.  Cane  sugar  is  not  immediately 
fermentable,  but  by  contact  with  yeast  it  is  after  a  time  changed  into 
glucose,  and  Bnally  enters  into  fermentation.  In  the  living  vegetable 
tissaes  it  represent*?  a  rci^erve  materia],  and  is  subsequently  reconverted 
into  glucose  for  the  pxirposes  of  nutrition.*  When  taken  as  food,  it  is 
transformed  into  glucose  by  the  inte.'itinal  fluids. 
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Sugar  and  starch,  according-ly,  in  all  their  varieties,  are  closely  allied, 
both  in  their  chemical  and  physiological  relations.  They  are  all  carbo- 
hydrates, and  their  mutual  convertibility  in  the  vegtitative  prot'^ss  has 
been  shown  by  abundant  investigations.  Starch  and  sugar,  in  the 
living  plant,  represent  the  same  nutritivo  material  under  two  different 
conditions ;  starch  having  thi-  form  of  a  solid  deposit,  glucose  that  of 
solution  and  activity.  The  organic  substance  pa^^eft  from  one  to  the 
other  of  these  two  conditionB  by  hydration  or  dehydration.  It  is  at 
last  either  decomposed  in  the  immediate  changes  of  nutrition,  or  is 
Stored  up  as  a  deposit  for  future  consumption. 

Olycogen,  C«n,<,Ov 

Glycogen,  so  called  from  its  capacity  for  the  production  of  glucose,  is 
an  nniylncnous  substance  of  animal  origin.  It  is  isomeric  with  starch 
and  dextrine,  and  nvsembles  the  latter  in  its  physical  properties,  except 
that  a  watery  solution  of  dextrine  is  clear,  while  that  of  glycogen  is 
opalej+cent,  and  that  when  treated  with  iodine,  dextrine  in  solution 
gives  a  rosy  red,  glycogen  n  deep  brown-red  color.  It  Is  insoluble  in 
alcohol  and  in  ether,  but  soluble  in  water,  either  cold  or  hot.  Its  watery 
solution  deviates  the  plane  of  polarization  strongly  to  the  right,  its 
gpeeifie  power  of  rotation  for  yellow  light  being  about  130°. 

This  substanee  h  constantly  present  in  the  tissue  of  the  liver  in  all 
vertebrate  animals,  in  the  healthy  condition.  It  is  found  at  an  early 
period  of  development  in  the  integument  and  mucous  membranes  of 
the  embryo,  in  a  portion  of  the  placenta  and  amnion,  in  the  muscles 
during  their  formative  condition,  and  in  the  pulmonary  tissue.  It  does 
not  exi.«t  at  this  time  in  the  liver,  or  in  any  other  of  the  glandular 
organs.  But  about  the  middle  of  foetal  life  it  begios  to  be  found  in 
the  liver,  where  it  increases  in  quantity,  at  the  same  time  gradually 
disappearing  from  the  other  organs ;  and  after  birth  it  is  a  character- 
i.^tic  and  abundant  ingredient  of  the  liver  alone.  It  has  been  found, 
however,  in  moderate  and  varying  amount  in  the  muscles  of  some 
adult  quadrupeds  and  birds,  and  in  considerable  quantity  in  molluscous 
animals,  as  the  oyster  and  the  cockle-shell. 

Glycogen  is  obtained  from  the  liver  of  a  well-fed  animal  in  the  fol- 
lowing manner  :  The  organ  is  taken  out  immediately  after  death  and 
cut  into  small  pieces,  which  are  then  coagulated  by  a  short  immersion 
in  boiling  water.  This  arrests  the  changes  which  would  otherwise  take 
place  under  the  influence  of  a  ferment  contained  in  the  hepatic  juices. 
The  coagulated  tissue  is  then  ground  to  a  pulp  and  boiled  for  half  an 
hour  with  a  small  quantity  of  wntor,  making  a  concentrated  decoction, 
which  is  afterward  treated  with  aiiiinal  charcoal,  to  remove  the  color- 
ing matters,  aud  ftltored.  The  filtered  decoction  is  opaline,  but  does 
not  hold  in  suspension  any  solid  granuJar  matters  visible  with  the 
microscope.  It  is  allowed  to  fall  by  drops  into  strong  alcohol,  by  which 
the  di.ssolved  glycogen  is  precipitated,  subsiding  to  the  bottom  as  a  white 
deposit.     It  is  still  coutaminatc^d  by  a  little  glucose,  a  certam  quantity 
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of  bilian'  saltB,  and  some  albuniinouH  matters.  The  glucose  and  biliary 
salts  are  removed  by  washin^r  the  precipitate  with  alcohol.  The  remain- 
der is  then  boiled  for  a  quarter  of  an  hour  with  a  concentrated  solution 
of  potai^sium  hydrate,  which  dissolves  the  albuminous  matters,  but  does 
not  aflect  glycogen.  After  filtration  it  is  a^ain  diasolved  in  water,  the 
traces  of  alkali  removed  by  the  addition  of  a  little  acetic  acid,  and  the 
^lyco^n  re-precipitat«d  by  alcohol  in  excess.  It  is  then  dried  and  may 
be  kept  in  the  form  of  a  white  pulverulent  maas,  which  retains  its  prop- 
erties for  an  indefinite  time. 

Iq  watery  solution  it  exhibits  the  characteristic  properties  of  an  amy- 
I«oeou5  substance,  beinj^  converted  into  ^ugar  by  all  agencies  which 
have  a  similar  effect  on  starch,  namely,  by  boiling  with  a  dilute  mineral 
fti?id,  and,  at  a  moderately  warm  temperature,  by  the  contact  of  saliva, 
the  pancreatic  or  intestinal  juices,  or  the  Hcrum  of  blood.  If  allowed  to 
remain  in  the  liver  after  death,  or  brought  in  contact  with  its  tissue 
after  removal,  a  portion  is  transformed  into  glucose  by  the  albuminous 
matters  of  the  hepatic  substance. 

The  quantity  of  glycogen  in  the  liver  varies,  with  the  kind  of  food 
u^ed,  from  about  7  to  lY  per  cent.  It  is  more  abundant  with  vegetable 
than  with  animal  food,  and  is  most  abundant  of  all  under  a  diet  of  carbo- 
hydrates. It  increa-ses  after  digestion,  and  diminishes  with  fasting, 
disappearing  altogether  after  an  abstinence  of  four  or  five  days.  It 
will  then  reappear  yery  rapidly  after  a  meal  of  ^starchy  or  saccharine 
matters.  From  these  facts  it  is  apparent  that  glucose,  when  taken  as 
food,  or  absorl»ed  from  the  aliraenlary  canal,  is  depositod  in  the  liver 
under  the  form  of  glycogen.  The  change  which  takes  place  is  a  dehy- 
dration, as  follows : 

GLtcosE.     Water.     Gltooobn. 

C.Hi.O, -II,0  =  C.H,,0„. 

While  in  this  condition  the  plyi'ogen  forms  part  of  the  substance  of 
the  liver,  and  is  probably  a  iuat«rial  of  reserve,  to  bo  afterward  con- 
sumed in  some  other  part  of  the  body.  It  appears  to  be  gradually 
reconverted  into  glucose  in  the  intervals  of  digestion,  and  to  dir<appejir 
under  this  form  from  the  hepatic  tisnue. 

Glycogen  presentn  accordingly,  in  every  respect,  a  strong  analogy  with 
vegetable  starch.  Its  uhuntlant  presence  in  the  embryonic  organs,  from 
which  it  disappears  when  they  have  acquired  their  growth,  is  like  the 
deposit  of  starch  in  a  seed,  to  be  usi-d  up  in  the  act  of  gerniination.  And 
jn  the  adult  animal  it  is  jirobable  that  a  large  portion,  if  not  all,  of  the 

rbo-hydrates  taken  as  food  pass  through  the  glycogenic  condition  be- 
fbrc  they  are  finally  employed  ui  the  nutrition  of  the  body. 


Fats. 
The  fats  form  a  well  marked  group  of  organic  bodies  which  arc  widely 
itiflTiued  both  in  the  vegetable  and  the  animal  kingdom.     They  are  dis- 
tinguished from  the  carbo-hydrates,  finst,  by  the  fact  that  they  do  not 
coDtAiD  hydrogen  and  oxygen  in  the  proportion  to  form  water,  the 
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oxygen  being  present  in  smaller  quantity ;  and  secondly,  by  their  large 
proportion  of  carbon,  which  constitutes  on  the  average  a  little  over  75 
per  cent,  of  their  weight.  This  fact  is  probably  connected  with  their 
inflammability,  the  oils  being  oxidized  at  a  temperature  of  300*^  C,  and 
burning  with  a  bright  flame.  The  smooth  consistency  of  oleaginoos 
matters  is  also  one  of  their  distinguishing  features,  and  enables  them 
to  be  employed  as  lubricating  substances,  to  diminish  the  friction  be- 
tween opposite  surfaces.  In  the  pure  condition  they  are  destitute  of 
taste  and  odor.  They  are  all  liquid  at  moderately  high  temperatures, 
and  solidify  by  crystallization  when  cooled  down  to  a  certain  point, 
which  is  different  for  each  variety.  The  fatty  substances  which  at  or- 
dinary temperatures  have  a  thick,  solid,  or  semi-solid  consistency,  are 
more  especially  designated  as  "  fats ;"  those  which  are  more  liquid  are 
spoken  of  as  "oils,"  They  have  no  rotatory  action  on  polarized  light 
They  are  insoluble  in  water,  and  do  not  mix  with  it  except  by  mechan- 
ical agitation ;  after  which  the  two  fluids  separate  from  each  other  ac- 
cording to  their  specific  gravity,  the  water  remaining  below  and  the  oil 
rising  to  the  surface  in  a  distinct  layer.  Fats  and  oils  are  slightly 
soluble  in  alcohol,  and  freely  soluble  in  ether,  which  is  used  to  extract 
them  from  admixture  with  other  organic  substances. 

Fatty  matters  are  found  in  varying  quantity  in  different  vegetable 
tissues,  the  most  abundant  deposit  occurring  in  nuts,  fruits,  and  seeds, 
particularly  those  of  the  sweet  and  bitter  almond,  the  chocolate  tree, 
hemp,  flax,  Ricinus  communis,  and  Croton  tiglium,  in  which  last  it  is 
in  the  proportion  of  60  per  cent.  The  seeds  of  plants  generally  are 
designated  as  "  starchy  "  or  "  oleaginous,"  according  to  the  preponder- 
ance of  one  or  the  other  of  these  substances  in  their  tissue.  In  the 
animal  body,  fat  is  most  abundant  in  the  adipose  tissue  and  in  the  mar- 
row of  the  long  bones,  where  it  amounts  to  from  80  to  96  per  cent. 
In  the  human  subject,  under  normal  conditions,  the  entire  quantity  of  fatty 
matters  has  been  estimated  at  from  2.5  to  5  per  cent,  of  the  bodily  weight.* 

The  following  list  gives  the  proportion  of  fat  in  various  alimentary 
substances,  according  to  the  tables  of  Payen  : 

Quantity  of  Fat  in  100  Pabts  in 


Wheat 

2.10 

Beef's  flesh 

(average) 

5.19 

Indian  corn 

8.80 

Calf's  Hver 

5.58 

Potatoes 

0.11 

Mackerel   . 

6.76 

Beans . 

2.50 

Salniun 

4.85 

Peas    . 

2.10 

Oysters     . 

1.51 

Sweet  almonds    . 

24.28 

Cow's  milk 

3.70 

Chocolate  nut 

.      49.00 

Fowl's  egg 

7.00 

Beside  entering  as  an  ingredient  into  the  above  articles,  fat  is  often 
taken  with  the  food  in  a  pure,  or  nearly  pure,  form,  as  butter,  olive  oil, 
or  adipose  tissue. 

Origin  of  Fatty  Substances. — The  first  production  of  these  organic 

^GonipBesanez:  Phjeiologischen  Chemie.    Braunschweig,  1878,  p.  169. 
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!'rs  tnkes  plai;e  in  thvact  of  ve^'etation,  in  all  probability  by  a  racta- 
D)orphu«i£i  uf  starch  or  sugar  already  formed.  This  is  the  uri^in  of 
fatty  matters  fftuerally  reoognized  by  vegetable  physiologists.  In  this 
ohaogo  the  propurtiouj,  of  carl>ou  and  hydroji'en  are  increased  50  or  60 
per  cent.,  while  that  of  the  oxygen  is  largely  diminished.  By  itself, 
aerrirdingly,  it  would  hf  a  riducing  process,  similar  to  that  by  which 
xtareb  is  first  formed  from  inorganic  matter.  But  this  is  not  the  view 
usually  entertained  in  regard  to  it.  The  deoxidation  of  carbonic  acid 
and  water  can  take  place,  so  far  as  wc  know,  only  in  the  ehlorophylle- 
huldiog  cellH  of  the  plant ;  and  fatty  matter  i.*^  often  pmdueed,  as  in  oily 
sceda,  where  no  chlorojthylle  is  present.  It  is  possible  that  the  reduc 
tion  of  the  quantity  of  oxygen,  during  the  conversion  of  starchy  mat- 
ler»  into  fat,  may  bo  atx'orapanied  by  the  liberation  of  carbonic  acid, 

tbc  formation  of  other  highly  oxidized  substanrt'H.  which  would 
mnt  for  t.h«»  diminished  proporticm  of  oxygen  remaining.  Some- 
thing  of  thiB  8ort  tako»  ])lace  in  the  alcoholic  fermentation  of  glu- 
cose, already  described  (page  57),  a^  follows: 

Glccosk.  Alcohol.         CAUflosfic  Aoio.  t 

Ilero  the  alcohol  produced  by  fermentation  contains  a  smaller  pro- 
portion of  oxygen  than  the  original  glucnge ;  but  another  body  (car- 
bouic  acid),  containing  a  larger  projiortion,  ha.H  Imjcu  liberated  at  the 
8ame  time.  The  missing  oxygen  therefore  has  not  Ix-en  discharged  in 
the  free  condition,  but  in  a  more  stable  form  of  combination  than  be- 
fore. A  similar  change  taking  place  in  the  starchy  or  saccharine  matters 
of  a  plant,  with  the  production  of  fat,  would  not  Ix'  altogether  a  deoxi- 
datiou,  but  would  include  n  rejTrrungement  of  the  chcmicul  elements, 
with  the  simultaneous  production  of  other  compound  bodies. 

There  are  no  means  at  present  known  by  which  the  transformation 
of  starch  into  fat  can  be  artitlcially  accomplished,  and  even  its  chemical 
formula  cannot  be  expressed  with  arty  reasunable  certitude.  But  there 
are  well-known  facts  which  make  it  highly  probuble  that  such  a  change 
may  be  and  is  effected  in  the  tissues  of  the  living  plant.  In  the  first 
place,  it  is  certain  that  starch  disa[)jK'ars  from  the  K'aves  in  which  it  is 
produced,  to  be  transported  umlcr  a  soluiile  form  to  other  organs. 
Secondly,  there  are  instances  of  the  production  of  oily  seeds,  or  other 
fatty  reservoirs,  in  plants  where  no  other  deposit  than  that  of  starch 
can  \ie  detected  in  their  ('hlorophylle-holding  leaves.*  And,  thirdly, 
the  oily  seed.^  of  ecrtaiii  plants  while  still  immature  contain  starch,  but 
afi  they  ripen  the  starch  diminishes  or  disappears  and  oil  takes  its  place.f 

Varieties  of  Fat. — The  most  important  and  abundant  varieties  of 
Cat  are  Stearine,  Palmitine,  and  Oleine.  They  resemble  each  other  in 
general  character,  and  differ  mainly  in  their  degree  of  eonsLsteney, 
steariue  being  the  most  solid  at  ordinary  temperatures,  while  palmi- 


*Majer:  AgrikuUur  Chemie.     Ileiildtivrg,  1S71.     Band  I.,  p.  8G. 
t  Johason:  How  Crops  Grow.     Xew  York,  p,  94. 


64  PHYSIOLOGICAL    CHEMISTRY. 

tine  holds  an  intermediate  position  in  this  respect,  and  oleine  is  the 
most  fluid. 

1.  Stearine,  C6,H„oO„ 

So  called  fi*om  the  readiness  with  which  it  assumes  the  solid  form,  is  a 
main  ingredient  of  the  more  consistent  fats.  It  liquefies  at  66°.5  C, 
and  again  solidifies  when  the  temperature  falls  below  this  point.  It 
crystallizes,  on  cooling  from  a  warm  solution  in  oleine,  in  fine  radiating 
needles,  which  often  follow  a  wavy  or  curvilinear  direction.  It  is  rather 
less  soluble  in  alcohol  and  ether  than  the  other  fatty  substances. 

2.  Palmitine,  CsiHmO,, 

Was  first  recognized  as  an  ingredient  of  palm  oil,  a  semi-solid  fat 
obtained  from  the  seed  of  an  African  palm.  It  crystallizes,  on  cooling 
from  its  concentrated  alcoholic  or  ethereal  solution,  in  the  form  of 
slender  needles.  It  liquefies  at  60°  C.  It  occurs  abundantly  in  & 
variety  of  animal  and  vegetable  fats. 

8.  Oleine,  Cs^HiotO,. 

As  its  name  indicates,  this  is  the  representative  ingredient  of  the  otte, 
or  liquid  fatty  substances.  When  pure  it  is  transparent  and  colorless. 
It  retains  its  fluidity  at  ordinary  temperatures,  and  even  below  the 
freezing  point  of  water.  It  readily  dissolves  both  stearine  and  palmi- 
tine, its  solvent  power  increasing  with  the  elevation  of  the  temperature. 

Physical  and  Chemical  Changes  of  the  Fatty  Substances. — There  are 
certain  changes  of  condition  produced  in  the  fats  by  external  influences 
which  are  characteristic  of  these  substances  as  a  class.  The  first  is 
that  by  which  an  oily  substance,  when  mingled  with  a  watery  liquid, 
is  reduced  to  the  state  of  an  emulsion;  that  is,  a  mixture  in  which 
the  oil  is  broken  up  into  minute  particles  and  uniformly  disseminated 
through  the  watery  liquid.  This  change  will  not  take  place  when  oil 
is  added  to  pure  water,  or  to  a  watery  solution  of  neutral  or  acid  salts. 
But  if  a  trace  of  alkali  or  alkaline  carbonate  be  present,  the  fatty  sub- 
stance is  at  once  disseminated  throughout  the  mass,  and  held  in  per- 
manent suspension.  In  such  a  mixture  there  is  no  change  in  the  chem- 
ical characters  of  either  the  oil  or  the  watery  liquid,  but  only  in  their 
physical  condition ; — ^the  two  being  retained  in  contact  with  each  other 
in  a  state  of  minute  subdivision.  By  evaporation  the  watery  parts 
may  be  separated  and  the  oil  left  behind  unaltered.  An  emulsion  formed 
in  this  way  is  whitish  or  white  in  color,  and  opalescent  or  opaque, 
according  to  the  proportion  of  oily  matter  present.  The  emulsion  of  oil 
may  also  be  accomplished  by  certain  organic  matters  in  watery  solu- 
tion, especially  by  the  albumen  of  c:gg,  or  the  albuminous  ingredients  of 
the  blood  and  secretions.  It  is  under  this  form  that  oily  matters  exist, 
when  in  considerable  quantity,  in  the  animal  fluids,  such  as  the  milk, 
the  chyle,  or  the  blood. 

Another  change  which  may  be  produced  in  the  fats  is  that  of  saponi- 
fication.    This  is  a  chemical  change  in  which  the  oily  substance  loses 
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origiDal  chnmcttr,  and  its  elements  appear  under  new  forms  of  com- 
bination. When  aii  oily  or  fatty  matter  is  kept  for  some  hoars  at  a  high 
temperature  in  eniulision  with  water  and  an  alkali,  it  is  decomposed 
with  the  aetiimilatiou  of  the  elements  of  water,  producing^  a  fatty  acid 
jkod  glycerine.     The  change  which  takes  place  is  as  follows : 

8TBABJKE.  WaTKR.         StIUKIC  AoW.         GLTOBBmK. 

C,tH„,0.  4-   311,0  =   C5JI,„0«    -f     C,H,0,. 

acid  product  is  stearic,  palmitic,  or  oleic  acid,  according  to  the 
viriety  of  fat  used ;  and,  when  set  free,  it  unites  with  the  alkali,  form- 
ing a  neutral  Htearate,  palmltate,  or  oleate.  In  such  a  combiuution  the 
oil  IB  said  to  be  saponified,  and  In  this  form  becomes  more  or  less  sol- 
uble in  watery  and  serous  liquids.  Oil  may  be  also  decomposed  by 
weans  of  superheated  steam,  with  the  production  of  glyeerine  and  free 
fatty  acid,  the  latter  of  which  is  then  easily  saponified  by  either  a  caus- 
tic alkali  or«n  alkaline  carbonate. 

There  is  some  doubt  whether  the  saponification  of  fat  takes  place  in 
the  animal  Iwdy.  Saponified  fats  are  enumerated  by  some  observers  as 
constant  ingredients  of  the  blood-plasma,  wliilr  tiieir  presence  is  denied 
by  others.  All  agree  that  if  present  tiiey  are  in  extremely  minute 
proportion,  by  far  the  larger  quantity  of  fat  retaining  its  chemical  char- 
HCters  BO  long  as  it  can  ]k-  traced  iu  the  circulation. 
^Condition  of  Faiiij  Matters  iu  the  Living  Bothj, — None  of  the  fatty 
ices  occur  naturally  in  an  isolated  form,  but  they  are  mingled  in 
varying  proportions  in  all  the  ordinary  animal  and  vegetable  fats  and 
oils.  The  consistency  of  the  mi.xture  varies  with  the  relative  quantity 
of  its  ingredients.     The  more  solid  fats,  such  as  suet  and  tallow,  cousist 

fly  of  stearine ;   the  softer 
ad  lard,  butter,  and  those  ^^^-  ^' 

of  human  adipose  tbsue,  contain 
a  greater  abundance  of  palmi- 
tinc;  while  the  liquid  fats,  like 

oila,  olive  oil,  and  nut  oil, 
gfv  composed  mainly  of  oleine. 
As  n  general  rule,  in  the  warm- 
blooded animals,  these  mixtures 
arc  fluid,  or  nearly  so ;  for, 
although  b<ith  stearine  and  pal- 
mitinc,  when  pure,  are  solid  at 
the  temperature  of  the  b<idy, 
they  are  held  in  solution  during 
life  by  the  oleine  with  which 
they  ore  associated. 

As  the  body  cools  after  death, 
the  stearine  and  palmitine  s(^)iiie- 
times  separate  in  a  cTystallme 

form,  since  the  olcino  can  no  longer  hold  the  whole  of  them  in  solution 
(Pig.  5) 
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When  in  a  fluid  slato  the  fatty  substances  prfsent  theniisclveB  in 
fonri  r>f  dropr^  or  fflobulee  of  various  sizes,  which  may  t»e  recognized 
their   optical   properties.     They  are   circular    in   shape,    with   a  wei 
defined  outline.     Th*>y  often   have  a  faint  amber  color,  which  is 
tinctly  marked  in  the  larger  globules,  less  so  in  the  snmller.     As  th« 
are  more  highly  rofrnctivc  tlinii  the  watery  fluids  in   which  they  are 
immersed,  they  act  as  double  convex  lenses,  and  concentrate  the  ligh^ 
transmitted  through  them  at  a  point  above  the  level  of  the  liqi 
Consequently,  they  present  the   appearance  of  a   bri^'ht  centre   sci 
rounded  by  a  dark  border.     If  the  lens  of  the  microscope  be  lift* 
farther  away,  the  centre  of  the  plobule  becomes  brighter  and  its  bol 
ders  darker.     These  characters  will  usually  be  snflicient  to  distin^uig 
them  from  other  fluid  j^lobules  of  less  refractive  power. 

The  oleagfinous  matters  present  a  striking-  pecnliarity  in  regard  to' 
the  form  timicr  which  they  occur  in  the  living  body,  and  by  which  thejr 
are  distinguished  from  the  remainder  of  its  ing^redients.     Instead  <^^M 
combining  with  the  other  constituents  of  the  animal  solids  and  fluidai^^ 
in  homogeneous  union  or  solution,  they  are  deposited,  as  a  rule,  in  dis- 
tinct masses  or  globules,   suspended  in  the  serous   fluids,  interposed 
between  the  anatomical  elements,  included  in  the  interior  of  cells,  0^^ 
deposited  in  the  substance  of  fibres  or  membranes.     Even  in  the  vef^|i^| 
table  tissues,  they  are  always  in  the  form  of  drops  or  granules. 

0\ving  to  this  fact  the  oils  can  usually  be  extracted  by  mechanical 
means.  The  tissues  are  cut  into  small  pieces  and  subjected  to  pres- 
snre,  by  which  the  oil  is  forced  out  from  the  pnrta  in  which  it  wa^H 
entangled,  and  separated,  without  further  mauijndation,  in  a  state  <:h^| 
comparative  purity.  A  moderately  elevated  temperature  facilitates  the 
operation  by  increasing  the  fiuidit)^  of  the  oleaginous  matter ;  but  no 
chemical  agency  is  required  for  its  separation.  Under  the  microscope, 
oil-drops  and  granules  can  be  distinguished  from  the  remaining  parts  by 
their  optical  properties  and  by  the  action  of  ether,  which  dissolves  thera^ 
for  the  most  part,  without  attacking  other  neighboring  substances. 

In  the  adipose  tissue  the  oils  are  contained  in  the  interior  of  vesicle 
the  cavities  of  which,  in  a  state  of  health,  they  compietely  fill.  The 
adipose  vesicle,  which  varies  in  diameter,  in  man,  from  28  nimm.  to 
125  mmm.,  is  composed  of  a  thin  membrane,  forming  a  closed  sac,  in 
which  the  oily  matter  is  included.  Sometimes,  in  cases  of  emaciation, 
the  oil  partially  disappears  from  the  cavity  of  the  vesicle,  its  place  Iwing 
taken  by  a  watery  serum  ;  but  thi*  serous  and  oily  fluids  remititt  distinct 
in  the  vesicular  cavity.  ^H 

In  the  chyle,  the  oleaginous  matter  is  in  a  state  of  emulsion,  and  itt^' 
subdivision  is  here  more  complete  than  anywhere  else  in  the  body.  It 
presents  the  appearance  of  a  fine  granular  dust,  known  as  the  "molecu- 
lar base  of  the  chyle."  A  few  of  its  granules  measure  2.5  mmm.  in 
diameter ;  bnt  they  are  generally  much  less  than  this,  and  the  greater 
part  are  bo  small  that  they  cannot  bo  accurately  measured.  (Fig.  fi.J 
For  the  same  reason  they  do  not  present  the  brilliant  centre  and  dai 
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ier  of  large  oil-globules;  but  appear  by  transmitted  light  only  as 
minute  grunules.  The  white 
color  and  opacity  of  the  chyle, 
OS  of  other  fatty  emulsions,  de- 
pend upon  this  molecular  condi- 
tion of  the  oily  iugredienty.  The 
albumen  and  salts,  which  are  in 
intimate  union  with  each  other, 
and  with  the  water,  would  alone 
make  a  colorless  and  transparent 
fluid ;  but  the  oily  matters,  sus- 
pended in  distinct  particles,  with 
a  different  refractive  power  from 
that  of  Ihe  serous  fluid,  interfere 
with  its  transparency,  anil  give 
to  the  mixture  ita  diffueed  white 
color.  The  oleaginous  nature  of 
the  particles  is  shown  by  their 
solubility  in  ether. 

In  milk  the  oily  matter  occurs  in  larger  masses,  or  "milk-globules," 
which  have  an  average  diameter  of  6  nmim.  They  are  not  (juite  fluid, 
but  have  a  pasty  consistency,  owiug  to  the  large  quantity  i»f  palmitine 
which  they  contain,  as  compared  with  tlu!  oloine  ■,  and  under  the 
inicroBcope  they  present  accordingly  a  somewhat  irregular  outline. 
By  heating  the  milk  thoy  may  be  completely  liqueGed,  and  made  to 
assuiut!  u  globular  fornu  When  forcibly  beaten  into  a  nuiss  by  churn- 
ing, they  constitute  butter. 

In  certain  parts  of  the  body  oil-drops  and  granules  are  deposited  in 

the  substance  of  cells  or  other  ana- 
tomical elements ;  as  in  the  laryn- 
geal, tracheal,  and  costal  carti- 
lages, and  the  secreting  cells  of 
the  sebaceous  glandules.  Oily 
matter  also  occurs,  underthe  same 
form,  iu  the  glaudular  odls  of  the 
human  liver,  where  it  is  a  con- 
stant ingredient  in  a  state  of 
health.  In  certain  cases  of  dis- 
ease it  a<^'cnmulat<"3  in  excessive 
quantity,  producing  a  fatty  de- 
generation of  the  organ. 

In  the  earnivornus  animals  it 
exists  nornially  in  the  epithelium 

cells  of  the  eunvoluted  portion 
Globclxs  o»  Cow's  Miut.  .  ^,  ...  ^    l    i  mi. 

of  the  urmiferous  tubules.     The 

>pe  and  granules  are  here  so  numerous  as  often  to  fdl,  apparently,  the 

whole  calibre  of  the  tubules. 
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Hepatic  Cklu  coutAinlug  oil-globules.    Human. 


In  the  marrow  of  the  long  bones  it  is  more  abundant  than  in  anj 

other  tissue,  occurring  both  in- 
^^°-  ^-  closed   in  vesicles  and   in  the 

form  of  free  oil-drops.  It  exists 
in  considerable  quantity  in  the 
yellow  wall  of  the  corpus  luteom. 
It  is  also  deposited  in  the  sub- 
stance of  muscular  fibres  under 
various  conditions ;  in  those  of 
the  voluntary  muscles  after  pro- 
longed disuse,  those  of  the  heart 
in  fatty  degeneration  of  this  or- 
gan, and  those  of  the  uterus  after 
delivery.  In  the  uterine  muscu- 
lar fibres  it  makes  its  appearance 
soon  after  parturition,  and  con- 
tinues to  be  present  during  the 
involution  or  resorption  of  the 
uterine  tissue. 

Source  of  Fat  in  the  Animal  Body. — It  is  evident  from  the  compo- 
sition of  many  nutritious  substances  consumed  by  man  and  animals 
that  a  considerable  quantity  of  fat  is  introduced  into  the  body  with 
the  food.  The  oleaginous  ingredients  of  the  cereal  grains,  of  nuts  and 
olives,  of  eggs,  milk,  and  meat,  show  that  both  animal  and  vegetable 
foods  contribute  a  certain  propor- 
tion of  fat  to  the  system.  But  it 
appears  that  fatty  substances  may 
also  be  formed  within  the  body, 
for  under  some  conditions  more 
fat  is  deposited  in  the  adipose 
tissue  and  elsewhere  than  can  be 
accounted  for  by  that  introduced 
during  the  same  time  with  the 
food.  This  fact  has  been  placed 
beyond  question  by  the  experi- 
ments of  Dumas  and  Milne 
Edwards*  on  bees,  those  of 
Persoz  on  geese,  those  of  Bous- 
singault  f  on  geese,  ducks,  and 
pigs,  and  those  of  Lawes  and 
Gilbert  J  on  pigs.  In  these  ex- 
periments the  amount  of  fat  in 
the  whole  body  was  first  a-scertained  by  comparative  examination  of 
other  animals  in  the  same  condition.     The  subjects  of  the  experiment 

*Annale8  de  Chim.  et  de  Phys.     3"  Sferie.  torn.  XIV.,  pp.  400,  408. 

t  Chimie  Agricole.     Paris,  1854. 

X  Philosophical  Magazine.     London,  1866.    Vol.  XXXII.,  p.  439. 
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th«m  kept  upon  a  definito  reg-imen,  in  which  the  r|iiantity  of  fat  was 
jriniiK'd  by  analysis.  This  was  coatinmed  for  periods  varyini?  from 
one  to  eight  months*,  after  which  the  animals  werf  killed  and   their 

sues  examint'd.  The  result  showed  that  considerably  more  fat  had 
imulated  in  the  system  than  had  In^en  supplied  in  the  food.  Conse- 
qiiently.  oleaginous  substances  must  in  some  cases,  and  perhaps  habitu- 
ally, be  formed  in  the  interior  of  the  body  by  transformation  of  other 
nutritive  materials.  There  is  no  discrepancy  among  observers  on  this 
point. 

As  for  the  special  materials  from  which  fat  is  thtis  produced  in  the 
aninial  system,  its  most  probable  source  seems  to  l>e  the  carbo-hydrates. 
It  has  already  been  ahovNTi  (page  63,)  that  such  a  change  undoubtedly 
takes  place  in  vcjaretables ;  and  as  it  is  not  etl'ected  in  plants,  so  far  as 
we  can  judge,  by  simple  deoxidation,  but  by  a  kind  uf  pnx'css  which 
may  also  take  plaw  in  animals,  there  is  no  reason  for  doubting  the 
possibility  of  a  similar  transformation  in  the  interior  of  the  auimal 
body.  Other  considerations  make  it  highly  probable  or  certain.  Vege- 
table-feeding animals,  like  sheep  and  cow's,  living  on  green  food  abound- 
ing in  carbo-hydrates,  will  often  accumulate  a  large  amount  of  fatty 
matter  in  the  system,  or  discharge  it  with  the  milk.  In  many  of  the 
axperiments  just  quoted,  the  carbo-hydrates  preponderated  so  much  in 
the  food  supplied,  that  the  excess  of  fat  produced  during  the  observa- 
tion could  hardly  be  attributed  to  any  other  source.  And  finally,  it  is  a 
matter  of  common  experience  that  food  consisting  of  starchy  and  sac- 
charine materials  is  especially  a  fattening  food,  both  for  the  domestic 
animals  and  for  man. 

But  these  substances  do  not  possess  in  themselves  the  requisite  con- 
ditions for  a  fatty  transfonnation  •,  it  c^n  take  place  only  in  the  living 
body.  As  the  deoxidation  of  carbonic  acid  and  water  by  plants  ia 
effected  under  the  influence  of  tlieir  chlorophylle,  so  the  carbo-hydrat/ea 
of  the  food  require  the  action  of  the  animal  tissues  for  their  conversion 
into  fat.  This  explains  why  the  fat  production  varies  so  much  under 
the  same  diet  in  different  animals,  and  even  in  different  itfliividuals  of 
the  human  species.  There  are  cases  of  hereditary  oiK'sity,  coming  on 
at  the  same  period  of  life  in  the  children  us  in  the  parents,  irrespective 
in  great  measure  of  the  kind  of  food  employed ;  and  there  are  persons 
who  aeem  hardly  capable  of  taking  starchy  or  saccharine  su1>stances 
without  converting  them  into  fat,  while  others  may  continue  a  mixed 
illet  indefinitely  without  increasing  their  adipose  tis.sue. 

It  is  not  unlikely  that  fat  may  also  be  formed  from  the  albuminous 
matters  of  the  food,  thotigh  the  evidence  of  this  is  less  satisfactory  than 
Id  the  ca^se  of  the  carbo-hydrates.  Carnivorous  animals,  as  a  rule,  have 
less  fat  than  the  herbivora;  and,  among  men,  those  who  habitually  con- 
sume a  large  proportion  of  meat  are  less  liable  to  obesity  than  those 
liring  mainly  on  vegetable  food.  Nevertheless,  it  is  believed  by  many 
that  fat  is  sometimes  the  result  of  o  partial  decomposition  of  albu- 
minous matters.     In  this  case,  the  production  of  fat  must  be  accom- 
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panied  bv  the  liberation  of  another  substance  containing*  nitTO/^en,  whid 
is  an  element  in  the  composition  of  albumen.  We  know  that  this  actu- 
ally occurs  in  the  living  body,  and  that  such  a  nitroj^enous  substance] 
(urea)  is  di!?cbar^ed  with  the  urine.  Still  this  only  gives  a  Y>ossi' 
bility,  but  not  a  proof,  that  the  other  product  of  dccorapofiition  \»  a  fatij 
rurtbermore,  the  appearance  of  fat  in  isolated  drops  and  granules,  i( 
the  substance  of  g-landular  cells^  or  dcircncrating  moscalar  fibres,  of] 
which  we  know  so  many  instance.'^,  has  been  reg-arded  as  an  indication] 
that  the  fatty  material  in  the8e  cases  is  frirmed  on  the  spot  from  tha^ 
albuminous  substance  in  which  it  is  imbedded.  But  it  ia  evident  that 
the  substance  of  the  cell  or  muscular  fibre  is  permeable  to  serous  fluids 
containing"  sacebariuc  ingredients,  and  that  these  may  have  been  the 
immediutf!  source  of  the  fatly  deposit.  Most  of  the  other  reasons 
adduced  in  favor  of  the  production  of  fat  from  albuminous  matteraj 
are  open  to  .similar  objections.  On  the  whole^  it  may  be  said,  that' 
while  we  have  no  reason  to  discredit  the  possibility  of  a  fatty  trans- 
formation of  albuminous  matters,  the  main  source  of  oleaginou.*^  su>>. 
stances,  in  point  of  fact,  over  and  above  those  contained  in  the  food,  is 
to  be  found  in  the  carbo-hydrates. 

Physiological  Belations  of  Fat. — The  fatty  substances  of  the  bodj  ^ 
are  subservient  to  a  variety  of  u.ses.  Some  of  these  uses  are  of  a  physi-  ^| 
cal  character,  while  others  imply  chemical  changes  which  are  evidently 
of  the  first  importance  in  nutrition,  though  as  yet  unknown  in  their 
details.  The  first  and  mo.st  palpable  function  of  the  adipost^  tissue  is  a 
mechanical  one.  It  acts  ns  a  cushion  to  protect  the  neighboring  parts 
from  injury,  and  to  facilitate  the  nrovt-ment  of  muscular  orgau.s.  The 
adipose  layer  in  the  subcutaneous  tissue,  in  the  soles  of  the  feet  and 
the  palms  of  the  hands,  between  the  voluntary  muscles,  about  the  eyeball 
at  the  fundus  of  the  orbit,  and  about  the  heart  at  the  origin  of  the  great 
vessels,  is  mainly  useful  in  this  wuy.  The  plica^  adiposce  of  the  artic- 
ular cavities  have  a  similar  mechanical  function,  and  the  sebaceous 
secretion  of  the  cutaneous  glandules,  by  its  oleaginous  properties,  pro- 
tects the  skin  aud  hair  from  desiccation  and  preserves  their  pliability. 
The  fatty  tissue  is  also  important  as  a  non-conductor  of  heat.  It 
envelops  the  subcutaneous  parts  like  a  blanket,  and  retains  in  the 
system  much  of  the  animal  beat  w^hich  would  nlherwise  be  dissipated. 
Its  deposit  in  certain  localities,  as  in  the  omentum,  has  no  doubt  a 
special  referrnee  to  the  protection,  in  this  respect,  of  the  underlying 
organs.  In  all  these  situations,  however,  the  fat  is  an  indifferent  body 
in  its  chemical  relations.  Throughout  the  system,  wherever  fat  can  be 
recognized  by  the  microscope  in  the  form  of  distinct  drops  or  globules, 
it  is  evidently,  for  the  time  being,  in  a  state  of  phy-siologieal  inactivity, 
being  transported  by  the  circulating  fluids  or  retained  on  the  spot  as  a  ^| 
nutriment  of  reserve.  In  certain  parts,  where  it  is  very  abundant,  as  ^i 
in  the  marrow  of  the  long  bones,  we  can  hardly  attribute  to  it  any 
farther  value  than  this.  But  it  has  also  other  functions  innnrdintely , 
connected  with  the  renovation  of  the  tissues.     This  is  shown  by  thej 
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fact  that  it  is  often  taken  with  the  food  in  noticeable  quantity  and 
consiinied  iu  thf  })ody,  without  any  increase  of  the  internal  adipose 
<Ieposit.  In  eases  of  acute  wasting  disease,  of  temporary  abstinence, 
and  iu  the  bil>ernation  of  aninmlB,  the  fat  previously  stored  up  greatly 
iUminishea  or  disappears  altogether.  In  these  instancea  the  oleaginous 
matter  which  disappears  from  the  body  is  not  to  1h?  found  in  the  excre- 
tions. The  sebaceous  secretion  of  the  skin  is  the  only  form  of  fatty 
Uter  diseharged  externally,  and  this  is  far  inferior  in  (juantity  to 
^at  taken  with  the  food  and  consumed  by  the  system.  The  fat  which 
thus  disappears  is  therefore  disposed  of  by  decomposition  iu  the  l>ody. 
We  cannot  follow  with  any  ••ertninty  the  steps  of  this  decomposition, 
nor  determine  the  succesisive  alterations  which  take  place  in  the  fatty 
gubfitaoce  durin/^  its  pas.Hage  through  the  system.  But  it  undergoes 
changes  of  some  kind  by  which  its  essential  characters  are  lost,  and 
its  elements  are  finally  discharged  under  another  form  in  the  products 
of  excretion. 

CholMterine,  C.«H„0, 
So  called  from  its  occurring  as  a  solid  deposit  from  the  bile,  in  which 
form  it  was  first  discovered.  It  is  included  in  the  present  group  of 
organic  compounds,  owing  to  its  being  crystalUzable  and  non-nitroge- 
nouB,  But  it  has  no  real  affinity  with  the  fatty  matters,  although  it 
resembles  them  in  certain  physical  properties,  such  as  its  insolubility 
iu  water,  and  it.s  solubility  in  cthfT,  boiling  alcohol,  chloroform,  oily 
liquids,  and  solutions  of  the  biliary  salts.  It  is  incapable  of  saponifi- 
cation, and  at  a  high  temperature  (iJGO'^  C.)  may  be  volatilized  without 
decomposition.  Its  solutious  rotate  the  plane  of  polarization  to  the  left 
33°.     It   is  deposited  from   its 


alcoholic  or  ethereal  solution  in 
the  form  of  thin,  colorless,  trans- 
parent, rhoiubcjidal  plates,  por- 
tions of  which  are  often  cut  out 
by  lines  of  cleavage  parallel  to 
the  edges  of  the  crystal.  They 
frequently  occur  deposited  in 
layers,  in  which  the  outlines  of 
the  subjacent  crystals  show  very 
distinctly  through  the  substance 
of  those  above.  If  the  crystals 
be  treatt^d  with  n  mixture  of  1 
volume  of  water  and  5  volumes 
of  sulphuric  acid,  and  gently 
WBrroed,  their  borders  take  a 
bright  carmine  color,  changing 
afterward  to  violet .  ((Toru|>- 
Bcsaue^.) 


P^o.  10. 


CuoMsrsxiKX,  from  ihc>  contonU  of  an  vncjrstcd 
tuiuur. 


If  triturated  with  strong  sulphuric  acid,  they  yield,  on  the  addition 
chloroform,  a  blood-red  color,  which  afterward  disapj>ears  by  expo- 
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sure,  passing  gradually  from  red  to  violet,  blue,  and  green,  the  liquid 
finally  becoming  colorless.     (Hoppe-Seyler.) 

Gholesterine  is  a  constant  ingredient  of  the  bile,  in  which  it  occurs 
in  the  proportion  of  0.5  part  per  thousand,  and  which  seems  to  be  its 
principal  channel  of  exit  from  the  system.  It  is  also  present  in  the 
sebaceous  matter  of  the  skin,  and  appears  in  considerable  quantity  in 
accidental  deposits  or  exudations,  such  as  biliary  calculi,  the  fluid  of 
hydrocele,  and  the  contents  of  various  encysted  tumors.  It  exists  in 
the  blood,  the  liver,  the  spleen,  the  crystalline  lens,  and  especially 
in  the  nerves,  spinal  cord,  and  brain,  in  which  last  it  has  been  found 
by  Flint*  in  the  proportion  of  about  one  part  per  thousand.  It  is  also 
present  in  the  yolk  of  egg,  and  in  the  spermatozoa  of  all  the  higher 
and  lower  animals.f  It  is  not  confined  to  the  animal  body,  but  is  found 
in  many  vegetable  structures,  such  as  wheat,  Indian  corn,  peas  and  beans, 
olives,  almonds,  young  buds,  and  mould-fungi. 

The  physiological  relations  of  cholesterine  are  very  obscure,  as  com- 
pared with  those  of  true  fatty  substances.  Notwithstanding  its  wide 
distribution  in  the  animal  system,  in  nutritious  substances,  in  the  blood, 
and  in  such  important  organs  as  the  brain  and  nerves,  it  is  mostly  re- 
garded as  a  product  of  decomposition  of  their  organic  ingredients,  rather 
than  as  serving  for  the  nutrition  of  the  tissues.  But  from  what  sub- 
stance it  is  derived,  or  in  what  way  it  is  produced,  is  at  present  unknown. 
It  seems  to  be,  without  doubt,  absorbed  from  the  substance  of  the  nervous 
system  by  the  blood,  transported  in  this  way  to  the  liver,  and  thence 
discharged  with  the  bile  into  the  alimentary  canal.  In  the  observations 
of  Flint,'*'  its  quantity  in  the  blood  of  the  dog  was  found  to  increase 
while  passing  through  the  brain,  from  0.52  to  1.09  per  thousand  parts. 
Its  presence  in  the  blood,  as  a  product  of  organic  disintegration,  would 
explain  its  frequent  occurrence  in  exudations  and  morbid  deposits  in 
different  parts  of  the  body.  According  to  most  observers  (Lehmann, 
Gorup-Besanez,  Hoppe-Seyler)  it  is  a  normal  ingredient  of  the  feces, 
as  well  as  of  the  sebaceous  matter,  and  is  therefore  either  wholly  or 
partly  discharged  from  the  body  under  its  own  form. 


*  American  Journal  of  the  Medical  Sciences.     Philadelphia,  October,  1862. 
t  Hoppe-Seyler.    FbyBioIogische  Chemie.    Berlin,  1877,  p.  81. 
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ALBVMENOID  SUBSTANCES. 

THE  albumenoid  ^ubBtances  as  a  class  occupy  the  first  place  in  im- 
portance in  the  living  body.  Their  wide  distribution,  their 
iibundant  quantity,  and  the  pnrt  which  they  take  in  the  vital  operations 
indicate  a  marked  dlHtinction  between  them  and  all  other  ingredients  of 
the  or^-aitiicd  frame.  They  are  derived  both  from  animal  and  vege- 
table sources,  and  none  of  the  nutritiuui*  juices  in  either  kingdom  is 
witiiotit  them.  But  in  plants,  a8  a  rule,  the  albumenoid  substances  are 
iu  comparatively  f^mall  quantity,  while  in  man  and  animals  they  are 
by  far  the  larj^est  part  of  the  solid  constituents  of  the  body,  and  with 
the  exception  of  water  are  more  abundant  than  any  other  of  its  ingre- 
dients. In  the  blood  and  muscles  they  form  nearly  20  per  cent,  of  the 
whole  mttss,  and  in  the  bones  and  cartilages  from  30  to  40  per  cent. 
Many  of  them  have  special  forms  of  activity  which  diHtinffiiinh  them 
from  all  other  orpanic  substances ;  and  everywhere  tlu'ir  chemical  con- 
stitution, their  physical  characters,  and  their  physiological  properties 
show  them  to  bo  directly  connected  with  the  active  phenomena  of 
Kfe. 

General  Characters  of  the  Albumenoid 'Subelances. — The  first  im- 
tant  feature  of  these  substances  is  that  they  contain  nitrogen  as  one 
of  their  constituent  elements.  This  at  once  distinguishes  them  from 
the  preceding  group,  and  gives  them  a  different  pliice  as  ingredients  of 
the  food.  The  (jiiantil y  of  nitrogen  present  varies  from  about  U  to  18 
per  cent,  of  their  weight.  Most  of  them  contain  also  a  small  quantity 
of  sulphur,  and  nearly  all,  when  incinerated,  leave  a  minute  residue  uf 
lime  phosphate,  from  which  they  cannot  be  entirely  freed  by  the  usual 
means  of  purification.  Their  average  composition  by  weight,  accord- 
ing to  the  tables  of  Hoppe-Seyler,  Wurtz,  and  Uorup-Besanez,  in  aa 
follows : 

AVBRAOE   OoMPOeiTlUN   OF    Al.BnMENOID   SCBSTAKCBB. 


Carbon 
Hydrogen 
Kitrogon 
Oxygen 

Sulphur 


62,8 

7.1 

1«.6 

22.1 

1.4 

100.0 

Their  exact  chemical  structure  has  not  been  determined  with  cer^ 
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taintj  in  any  cai^e.  Owinj^  to  the  difficulty  of  obtaining  them  in 
state  of  absolute  purity,  the  uncert4iinty  whether  their  sulphur  is  aaj 
essentia!  cunstitueut  etement  or  only  an  incidental  ingredient,  and  par- 
ticularly owing  to  the  number  and  variety  of  the  products  of  their  artifi- 
cial decompobition,  their  atomic  constitution  \b  still  a  matter  of  doubt 
The  formula  for  albumen  which  was  proposed  by  Lieberkiihn,  an^ 
adopted  by  Johu.son  and  Sehiitzeuberger,*  is  as  follows: 

Albumen;  C^aHiuNjjOjjS. 

But  althoug-h  this  formula  has  been  shown  to  account  in  a  satisfac- 
tory manner  for  certain  combinations  and  decompositions,  it  has  not 
been  generally  accepted ;    and  in  the  opinion  of  most  chemists,  the^_ 
manner  in  which  the  elements  of  these  substances  are  combined  i^^| 
<^ntirely  unknown. 

The  albumenoid  matters  are  not  crystallizable.  They  always,  when 
pure,  a^ume  an  amorphous  condition,  in  which  they  are"  sometimes 
solid,  as  in  the  hones ;  sometimes  fluid,  as  in  the  plasma  of  the  blood ; 
and  sometimes  semi-solid,  as  in  the  muscles  and  the  pkndular  organs. 
Even  in  the  fluids,  when  present  in  considerable  quantity,  as  in  the 
blood-plasma,  the  pancreatic  juice,  or  the  submaxillary  saliva,  they  give 
to  the  solution  a  viscid  or  mucilaginous  consistency^  which  is  more 
marked  in  proportion  to  their  abundance. 

Some  of  them  are  soluble  in  water,  others  in  solutions  of  the  neu- 
tral salts  in  different  degrees  of  concentration.     Some  of  them  may 
be  extracted  from  the  solid  tissues  by  water  at  a  boiling  temperature, 
and  a  few  resist  the  action  of  all  solvent  fluids.     When  in  solution 
they  all  rotate  the  plane  of  polarization  toward  the  left.     They  arc  all^| 
hygroscopic.     When  dried  by  evaporation,  and  afterward  brought  in^B 
contact  with  water,  they  "absorb  it  with  readiness,  becoming  swollen 
and  assuming  a  more  or  less  softened,  gelatinous,  mucous,  or  fluid  coa<-^H 
sistency,  according  to  the  quantity  of  water  with  which  they  were^l 
originally  associated.     When  ftubjected  to  artiflcial  decomposition  by 
heat  and  a  caustic  alkali,  they  yield  a  great  variety  of  gaseous  and 
crystalline  substances,  among  which  carbonic  acid  and  ammonia  are 
constantly  present  in  the  proportion  of  2  to  l.f     Oxalic  acid  and  8ul-| 
pharous  acid  are  also  given  off  as  products  of  decomposition. 

The  albumenoid  substances  are  noi  diffvmble;  that  is,  tbey  do  not 
readily  pass,  in  solution,  through  parchment -paper  or  animal  mem- 
brancs.     This  character  is  probably  cmineeted  with  their  amorphoi 
and  uncrystallizable  coudition  ;  and  they  are  distinguished  by  it  in  a| 
marked  degree  from  mineral  salts  and  crj-^stallizable  organic  substanceSrj 
which  pass  through  such  membranes  by  diffusion  with  great  facility*] 
It  is  trequently  resorted  to  as  a  means  for  the  purification  of  atbume-l 


♦  Wurtz.     Chimie  Biologique,  Paris,  1880,  pp.  65, 85. 

t  fjiorup-Besanet.     Lehrbucli  der  Physiolugischen  Chemie,  Braunschweig,  1878; 


p.  114. 


rf 


ALBTMEXOrD    SUBSTANCES. 


75 


I 


I 


I 


noid  snbst^inf^s  from  other  matters  with  which  they  are  rainpled. 
Thu.«  if  a  solution  containing  albumen,  glucose,  and  riodiura  chluride 
be  imnii'r:?ed  in  a  vessel  of  pure  water,  with  a  partition  of  parchment 
paper  between  the  two  liquids,  the  ^lucoBe  and  the  salt  will  pass 
through  the  meiubrane  and  become  diflTused  in  the  water,  while  the 
albnnien  will  remain  behind.  By  renewing  the  water  in  the  exte- 
rior v^egpcl  and  thus  koepiuL'  up  the  activity  of  diffusion,  nearly 
the  whole  of  the  glucoi^^  and  the  salt  may  be  removed  from  the 
interior  solution,  nnd  the  albumeu  ]rft  in  a  purified  condition.  This 
method  is  termed  "dialysiM,"  and  is  frequently  employed  for  obtain- 
in>r  albumenoid  matters  free  from  admixture  with  other  Bubstancei*. 
There  is  one  remarkable  exception,  among  the  albumenoids,  to  the  rule 
of  non-difTusihility.  It  is  that  of  "  peptone,"  the  substance  produced 
from  albuminous  matters  by  dijyestlon,  which  retains  all  their  oihrr 
eBsential  properties,  but  has  acquired  the  power  of  passinjtr  by  diffu- 
sion throujfh  animal  membranes.  It  is  thus  rendered  capable  of 
It^ing  absorbed  by  the  intestine,  and  of  entering  the  current  of  the 
circulation. 

The  albumenoid  substances  are  coagitlable.  This  property  consists 
in  their  capacity,  when  fluid,  of  suddenly  changing",  under  certain  phys- 
ical or  chemical  influences,  to  the  solid  form  ;  ho  that  they  either  sepa- 
rat«  from  the  other  ingredients  of  the  liquid,  or  <!onv(.'rt  the  whole  into 
A  gelatinous  mass.  This  difference  depends  on  the  relative  quantity  in 
which  they  are  present,  and  on  the  nianiuT  in  which  they  are  associ- 
aleil  with  the  other  ingredients.  Thus  if  a  specimen  of  slightly 
albuminous  urine  be  heated,  the  albuminous  matter  ia  thro\vn  down 
as  a  flaky  deposit,  while  the  rest  remains  liquid ;  but  if  the  serum 
of  blood  be  treate<i  in  the  same  way  it  .soUdifies  into  a  uniform 
masa.  In  neither  case  is  the  process  of  coagulation  a  simple  precipita- 
tion, as  where  a  mineral  salt  is  thrown  down  from  solution  in  a  fluid. 
The  albumenoid  substance,  when  coagulated,  still  retains  its  normal  pro- 
portion of  water,  and  in  the  instance  of  the  serum  of  blood,  it  holds 
the  whok'  of  the  water  present,  so  that  no  liquid  separates  from  the 
coagulum.  It  may  be  driven  off  by  evaporation,  but  the  coagulated 
albuminous  matter  is  still  hygroscopic,  and  will  again  take  up  water  by 
absorption  to  the  panic  extent  as  bi'fore.  A  coagulated  sul^tance  is 
usually  permanently  altered  in  charndcr,  and  cannot  \k  rrtitond  to 
fluidity  exct'pt  by  means  of  acid  or  alkaline  solvents,  which  still  further 
modify  its  original  properties. 

Different  albumpnoid  matters  are  coagulated  by  different  agenta,  and 
thcM?  reactions  form  a  convenient  and  somi'times  the  principal  test  by 
which  they  are  distinguished.  Thus  albumen  is  coagulated  by  heat 
or  the  mineral  acids,  but  not  by  organic  acids.  Caseine,  the  albumi- 
nous ingredient  of  milk,  is  coagulated  by  either  mineral  or  organic 
acids,  but  not  by  heat.  The  auiiuul  nmtter  of  the  pancreatic  juice  is 
coagulated  by  heat  or  the  mineral  acids;  but  also  by  magnesium  sul- 
phate, which  does  not  affect  albumen.     The  eoagalation  of  some  albu- 
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menoid  matters  is  caused  by  the  action  of  ferments,  which  are  without 
influence  on  the  remainder.  The  exact  nature  of  the  change  which 
takes  place  in  coagulation  has  not  been  deteruiiued,  aiid  it  probably 
cauuot  be  successfully  investigated  until  the  real  constitution  of  the 
alburaenoid  substances  ia  known. 

Another  important  feature  of  the  alburaenoid  substances  is  their  con- 
nection with  "catalyses"  or  '^catalytic  transformations."  These  are 
chemical  chauge^,  rilbrr  combinations  or  decompositions,  which  take 
place  iinder  the  influence  of  a  body  acting  in  a  hitherto  unexplained 
way.  apparently  by  mere  contact  and  without  being  itself  either 
decomposed  or  combined.  Such  a  body  is  a  ferment.  It  produces  its 
effect  in  very  small  quantity;  and  it  may  cause  important  transfor- 
mations in  a  large  atiHimit  uf  other  material  without  its  own  substance 
being  perceptibly  diminished.  Thus  the  starchy  matter  of  plants  is 
converted  into  glucose  by  the  influence  of  a  nitrogenous  body  termed 
"diastase^"  and  according  to  Puyen,*  one  part  of  diastase  is  capable 
of  converting  into  glucose  2,000  |>arts  of  starch.  All  the  ferments 
belong  to  the  class  of  albumeuoid  substances.  Many  of  these  sub- 
stances are  themselves  liable  to  catalytic  transformation  under  the 
influence  of  ferments.  Such  transformations  are  cerlaiuly  the  principal 
acts  in  the  digestion  and  assimilation  of  food ;  and  changes  of  a 
similar  kind  are  so  geiieral  and  t^o  important  throughout  the  body 
that  some  physiologists  are  inclined  to  attribute  to  their  influence 
all  the  osHeutial  phenomena  of  nutrition  and  waste.  Each  ferment 
operates  u it li  the  greatest  vigor  under  certain  special  conditions ;  as, 
for  example,  an  acid,  neutral  or  alkaline  medium,  the  presence  or 
absence  of  a  saline  solution,  or  a  slightly  higher  or  lower  tempera- 
ture ;  but  they  are  all  arrested  by  the  strong  acids  or  alkalies,  by 
concentrated  saline  solutions,  by  the  absence  of  moisture,  or  by  a  boil- 
ing or  freezing  temperature.  The  most  favorable  temperature  m 
usually  about  that  of  the  living  body. 

At  a  temperature  of  300°  C  or  over,  the  albumenoid  substances  are 
decomposed  int<>  ga.seous  products,  But  if  subjected  for  a  certain  time 
to  a  temperature  of  about  125'^  C,  they  undergo  a  eharige  by  which  a 
peculiarly  agreeable  flavor  is  developed,  and  by  which  many  of  them 
become  suitable  for  human  food.  It  is  this  flavor  which  is  produced 
in  the  process  of  cooHng,  and  which  always  depends  upon  the  pres- 
ence of  a  certain  quantity  of  albumenoid  matter  in  the  substance 
employed.  If  the  temperature  at  which  the  cooking  process  is  carried 
on  be  too  low,  the  characteristic  flavors  are  not  developed  ;  if  it  be  too 
high,  they  are  destroyed  and  replaced  by  empyreumatic  odors,  from 
the  combustion  or  decomposition  of  the  ingredients  of  the  food. 

Lastly,  the  albumenoid  substances  are  distinguished  by  the  property 
<rf  putrefaction.  This  is  a  process  in  which  dead  animal  substances, 
•Wn  exposed  to  the  atmosphere  at  a  moderately  warm  temperature, 
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soften.  Iiqn«fy,  and  are  finally  tleconjposed,  vn'tb  the  production  of 
ocrtaiD  fetid  poiies,  among  which  are  hydrogen  sulphide  and  carbide, 
OBuallj  with  more  or  less  carbonic  acid,  uitropen,  and  aniniouiu.  Tlicae 
cmaimiioug  cause  an  odor  which  is  cosily  rccoirnized  as  "  putrefac- 
tive;" and  DO  Bubntance  is  capable  of  putrefaction,  unless  it  contuin 
albumenoid  matt+.'rs  auiuu^  itf*  in^rredients.  As  thetie  matters  are 
more  abundant  in  animals  than  in  vegetables,  the  phenomena  of 
putrefaGtioD  are  mo^  diBtinetiy  marked  in  the  decay  of  animal  ti^suc^. 
But  they  will  take  place  in  both,  under  the  requisite  conditions.  The 
rapidity  of  putrefaction  in  animal  substances  varies  with  their  con- 
sistency; the  liquids  and  the  soft  parts  undergoing  this  change  more 
readily  than  those  of  firmer  texture.  In  some  which  are  exceedingly 
dense,  like  the  bones,  cartilages,  hair,  and  elajfitic  tissues,  desiccation 
may  take  place  before  putrefaction  can  be  established;  but  if  their 
animal  matter  be  extracted  in  the  form  of  gelatine  or  otherwise,  and 
kept  for  a  short  time  in  the  moist  condition,  it  will  putrefy  like  any 
other  albumenoid  .substance. 

In  order  that  pu( refaction  may  take  place,  certain  conditions  are 
neces.*4Bry.  In  the  first  place,  it  requires  the  access  of  atmospheric  air, 
or  of  aome  fluid  containing  oxygen.  If  the  putre.scible  substance  l>e 
boiled,  so  as  to  expel  all  the  free  oxygon  contained  in  its  fluids,  and 
iocloi*ed  in  a  hermetically  sealed  vessel,  no  putrefaction  takes  place, 
and  the  substance  remains  unaltered  indifinitely.  It  is  by  this  means 
that  cooked  meats  are  preserved  in  cans,  for  use  upon  long  voyages 
or  expeditions.  So  long  as  the  cans  are  kept  perfectly  closed,  their 
contents  remain  sound.  After  they  are  opened  and  the  air  admitted  to 
their  interior,  the  food  must  be  used  at  once,  otherwise  it  will  putrefy 
in  a  short  time. 

Another  essential  condition  for  putrefaction  is  the  presence  of  moist- 
Albumenoid  substances  in  a  j)erfectly  dry  state  do  not  undergo 
mposition  ;  and  in  some  regions,  where  a  high  temperature  and 
a  dry  atmosphere  favor  their  rapid  desiccation,  this  fact  is  utilized  for 
the  preservation  of  meats,  Immediat^dy  after  the  animal  is  killetl,  the 
fiflab  is  cut  into  strips  and  dried  in  the  nir;  and  desiccation  being  thus 
completed  before  putrefaction  has  commenced,  the  food  is  preserved  for 
future  use. 

The  third  requisite  for  putrefaction  is  a  moderately  elevated  temper- 
ature. It  goes  on  most  rapidly  between  25"^  and  35-^  C.  Below  25'^ 
it  gradnally  diminishes  in  activity,  and  ceases  altogether  alwut  the 
freezing  point  of  water.  Meats,  therefore,  which  are  kept  at  a  suffi- 
ciently low  temperature  do  not  putrefy.  The  carcass  of  an  extinct 
mammoth  has  even  been  found  imbedded  in  ice  in  Northern  Siberia, 
in  such  a  state  of  preservation  that  its  fiesh  was  devoured  by  dogs 
and  other  animals.*     A  temperature  much  above  35"^  is  also  unfavor- 
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€si.LS  or  Bactkiui;u  Teumo  ;  rrom  a  patre^ng 
infuBtciii. 


able  to  the  putrefactive  change,  and  it  is  completely  arrested  by  a  be 
approaching  that  of  boiling  water. 

The  process  of  putrefactioi 
is  accomplished  by  the  growH^ 
and  nmltiplieatina  of  a  micro- 
scopic vegetable  organiRi 
somewhat  aualogous  to  tbi 
causiog  the  alcoholic  fermei 
tatioQ  in  saccharine  lic|ui( 
If  any  clear  solution  coi 
taining:  aniuial  or  veg^'tabl 
albuinenoid  matters  be  e] 
posed  to  the  air  at  a  mo(] 
ate  temperature,  after  a  shoi 
time  it  beeoiues  turbid.  Thij 
turbidity  iri  due  to  the  devel- 
opment of  minute  vegetable 
cells,  of  very  simple  organi- 
zation, which  rapidly  multi- 
ply in  the  decomposing^  li- 
quid. The  cells  belong  to 
the  g'enna  "Baetorium,"  so  called  from  Ihr-ir  rod-like  form;  and  the 
species  found  in  [ttitrefyinjir  infusions  is  known  by  the  name  of  Bacte- 
rium, termo.  The  cx'lk  are  of  an  oblooju;  form,  about  3  mmm.  in 
length  by  O.fi  mmia.  in  thickness.  They  usually  appear  double,  each 
pair  con.«ii8ting  of  eell^  jtlaced  end  to  end.  This  ap|>earance  is  due 
to  their  iijuUiplicntion  by  .spontant'ous  divisitui  of  the  growing  cell. 
After  a  time  tbi'  twu  eelln,  tlitif^  fornu'd  out  of  a  single  one,  separate 
from  each  other,  and  each  repeats  the  process  for  it.self.  ^| 

One  of  the  most  remarkable  characters  of  bacterium  cells  is  thei^^ 
movomeut.  During  a  certain  period  of  their  development  they 
exhibit  an  incessant  motion,  consisting  in  a  conir:il  rotation  about 
their  longitudinal  nxis,  by  which  they  arc  transported  in  various  direc- 
tions. This  motion  is  often  so  rapid  that  it  can  hardly  be  followed 
by  the  eye;  in  other  instances  it  is  so  slow  that  its  nifcbaiilsm  may 
distinguished.  Tho  movement  and  multiplication  of  the  cells  go  oi 
while  putrefaction  continues.  When  all  the  albumenoid  ingredient 
of  the  infusion  have  been  decnm{>OKed,  the  liquid  again  becomes  clei 
and  the  bacterium  cells  subside  to  the  bottom  in  a  quiescent  lay< 
But  a  small  portion  of  this  layer  will  readily  excite  putrefaction 
another  alUuminotis  liquid. 

As  the  bacterium  cells  effect  the  decomposition  of  alburaonoid  mattei 
by  means  of  their  vegetative  activity,  putrefaction  is  limited  by  tl 
same  conditions.     Bacteria  belong  to  the  group  of  colorless  crypt 
garaic  plants.     Like  other  plants  of  this  kind,  they  assimilate  organic 
subsifinces  ready  formed,  at  the  same  time  absorbing  oxygen  and  ex-^ 
haling  carbonic  acid,  after  the  manner  of  animals. 
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exygen  therpfore  is  essential  to  their  growl h,  its  presence  \a  also 
iry  for  putrefactiou.  Fiirthermnrc,  as  no  plants  run  grow  with- 
out moisture,  and  as  thry  rtfjuii'L'  a  tenipt-rature  uf  moderate  warmth, 
putreftvction  must  also  be  bUispeuded  both  by  dusiccatioti  and  by  excetj- 
jtjve  cold  or  heat. 

Fermeutation  and  putrefaction,  accordingly,  aro  analogous  processes, 
fi^oiiig  on  under  the  influence  of  diU'ercnt  niicrnscopic  vegetations.  The 
foriiK^r  takes  place  in  sacoharine  lii{uids,  the  latter  in  those  containing 
albunienoid  matter;  since  the  ycast-plant  requires  for  its  growth  a  pre- 
ponderance of  carbo-hydrates,  while  bucteriuiu  cells  are  nourished  by 
the  al>sorption  of  nitrogenous  matter. 

Origin  of  the  Albumenoid  SubHtanceH. — Alhujnenoid  matters  arc 
first  produced  in  the  vegetable  world  by  assimilation  of  nitrogen  with 
the  carbo-hydrates.  This  is  proved  by  the  fact  that  green  plants  which 
can  produce  storch  and  sugar  from  carbonic  acid  and  water,  if  supplied 
with  moisture  containing  nitrogenous  salt.';,  will  thrive  vigorously  and 
increase  many  fold  their  contents  of  nlluiniinous  matter.*  The  pro- 
duction of  this  new  material  will  take  place  in  other  parts  of  the  plant 
lM.'side  the  leaves,  provided  there  be  present  saccharine  juices  already 
formed  and  nitrogen  compounds  fit  for  absorption.  Furthermore,  color- 
lei^s  plants,  which  cannot  produce  starch  or  sugar  for  themselves,  if 
uourished  with  saccharine  solutions  and  inorganic  nitrogen  compounds^ 
will  also  largely  increase  the  mass  of  their  albumenoid  ingredients. 

It  appears  that  the  nitrogen  thus  assimilated  by  plants  is  not  absorbed 
iu  a  free  state.  Notwithstanding  the  abundant  quantity  of  this  element 
in  the  air,  it  is  accepted  by  vegetable  physiologists,  as  the  result  of 
decisive  investigations,  that  the  free  atmospheric  nitrogen  is  not  avail- 
able for  vegetation. f  Plants  appropriate  their  nitrogen,  both  from  the 
atmosphere  and  the  soil,  in  the  form  of  nitrates  and  ammonium  salts, 
which  are  absorbed  by  the  rootm,  taken  up  by  the  vegetable  juices,  and 
thus  serve  for  the  production  of  albumenoid  sul)stances.  The  sulphur 
rrquisite  for  these  matters  is  taken  up  in  the  form  of  sulphates,  which 
are  afterward  decomposed  in  the  vegetable  juices. 

Classification  of  the  Albumenoid  Substances. — The  arrangement  of 
these  matters  in  groups,  according  to  appropriate  generic  characters,  is 
nece8!*ary  to  facilitate  their  study  and  description.  Attempts  at  such 
a  classification,  based  upon  their  intimate  chemical  structure,  must  be 
tniUe,  ao  long  as  we  are  destitute  of  certain  knowledge  iu  this  respect. 
Even  their  characters  of  solubility  in  water,  dilute  acids  or  alkalies,  or 
saline  solutions,  vary  in  different  cases  by  such  slight  gradations  that 
they  can  only  be  considered  as  convenient  methods  of  diagnosis  rather 
than  as  positive  distinctions.  Their  treatment  by  stronger  reagents 
yields  substances  which  may  be  of  iutorest  for  theoretical  chemistry, 
but  which  are  not  to  be  found  in  the  living  body,  and  have  no  physio- 


•  Mayer,  Lehrhiich  der  Agriknltur-Chemie,  Heidelberg,  1871,  Band  i.  pp.  145, 150. 
t  Hopi>e-iSeyler,  Pliysiologische  Cheiiiie.     Berlin,  1877,  p.  48. 
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logical  value.  The  most  Bcrv^iceable  arrangement  for  the  study  of 
these  subsstances,  as  materials  of  the  orjifuuized  fabric,  should  indude 
their  simplest  and  mosteai«ily  recognized  physical  characters,  the  forms 
under  which  they  occur  in  the  animal  frame,  and  the  part  which  they 
play  in  its  vital  operations.  For  this  purpose  they  may  be  divided,  as 
follows,  into  three  principal  groups. 

ALBUMINOUS  MATTERS. 
These  are  the  substanirs  which  naturally  stand  at  the  head  of  the 
albuuienoid  claf^s.  They  were,  many  years  ago,  called  "  proteine-com- 
pounds,"  because  Mulder,  accordinjcf  to  a  view  now  abandoned,  consid- 
ered them  as  so  many  combinations  of  the  same  primitive  body, 
*'proteine,"  with  varying  proportions  of  sulphur  and  phosphorus. 
They  are  still  designated  by  some  writers  as  "  proteids."  They  are  all 
abundant  Ingredients  of  the  nutritive  juices,  and  their  especial  office  in 
tin-  living  body  seems  to  be  the  supply  of  material  for  the  nourishment 
of  the  permanent  structures.     The}^  include  the  fulluwing: 

1.  Albumen  of  Blood 
This  substance,  also  called  Sernm-albnmeTi  or  Serine,  is  the  most 
abundant  organic  ingredient  of  the  l)lf)od-plasma,  where  it  exists  in  the 
proportion  of  53  parts  per  thousand.  After  spontaneous  coagulation 
of  the  blood,  and  separation  of  the  clot  and  svnim,  it  remains  fluid  in 
the  .sfirum,  It  is  al.'^o  found  in  the  lym]»h,  the  chyle,  the  pericardial 
fluid,  and  in  many  pathological  serous  exudations.  It  is  obtained  from 
dilute  serum  by  preei)«itnting  other  tilbu!in>n»*id  ingredients  with  acetic 
or  carbonic  acid,  evajinruting  the  Jiltered  Huid  to  dryness,  dissolving  in 
water,  and  lastly  removing  its  saline  substances  by  the  process  of 
dialysis  (page  lb).  Serum-albumen  is  soluble  in  water  and  in  solu- 
tions of  the  neutral  salts,  from  which  it  is  not  preeipttuted  by  either 
dilute  alkalies  or  organic  acids.  Its  watery  solution  is  neutral  in  re^ 
action,  and  rotates  the  plane  of  polarization  toward  I  he  left  56 '^.  It  is 
coagulated  by  heat  {12°  C),  by  the  mineral  acids,  the  metallic  salts,  and 
especially  by  potassium  ferrocyauide  in  acidulated  solution,  which  is 
the  ciost  delicate  known  test  of  its  presence.  It  is  coagulated  by 
alcohol  in  excess,  but  not  by  ether.  Its  coagula  are  redissolved  by 
the  caustic  alkalies. 

2.  Egg-albnmen. 

This  is  the  main  ingredient  in  the  white  of  egg.  It  was  the  earliest 
studied  of  all  the  albumenoid  malters,  and  received  its  name  from  the 
fact  of  its  turning  white  and  opaque  when  boiled.  It  is  an  important 
article  of  food,  and  supidies  most  r>f  the  albntnonoid  matter  for  the 
nourishment  of  tiw  embryo  chick  during  incubation.  It  is  soluble  in 
water  and  in  neutral  saline  solutions.  Its  s[>ecific  power  of  rotation 
for  polarized  light  is  35.5°.  Like  serum-albumen,  it  is  coagulated  by 
heat,  alcohol,  mineral  acids,  metallic  salts,  and  pnotassiura  ferrocyauide 
in  ocidiilated  solution  ;  but  it  is  alno  thmwn  down  by  agitation  witb 
ether,  which  does  not  affect  the  preceding  variety. 
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3.  Caseine. 

CBseine  is  the  albuminous  matter  of  milk,  where  it  in  present  in  the 
proportion  of  a  little  more  than  40  parts  per  thousand.  It  is  insolubl«< 
in  pure  water  and  in  neutral  saline  flolutions,  but  flohiblp  in  alipbtly 
alkaline  liquids.  In  liquids  coniaininpnn  alkaline  phosphate,  like  milk, 
it  reiuaiuB  in  solution  nolwithHtanding-  the  alkaline  reaction  be  ncutrul- 
uod  (Hoppc-Seylcr).  It  is  not  affectt^d  by  a  boiling  temperature,  but 
'ulatcs  by  most  of  the  other  a^:ents  which  have  this  effect  on 
albumti'n,  namely,  by  the  mineral  aeiiis,  the  metallic  salts,  and  alcohol. 
It  is  furthermore  thrown  down  by  the  orp;anic  acids  and  liy  magnesiuiu 
sulphate,  both  of  which  are  without  action  on  albumen.  Its  specilic 
rotary  power  for  polarized  light  is  greater  than  that  of  any  other 
albuminous  matter,  amounting  to  80^.  Its  most  remnrkable  property 
ia  that  of  coagulating  by  conta-ct  with  rennet,  or  the  extract  of  the  calf's 
stomach.  Coagulated  caseitie  forntK  the  ulbuminoun  ingredient  of 
cheese,  w^hence  its  name  is  derived.  When  luilk  is  taken  as  food  it  ia 
coagulated  in  a  similar  way,  in  the  stomach,  by  tht*  fern»ent  of  the 
jra-->tric  juice.  Caseine,  in  its  various  forms  uf  preparation,  is  an  abun- 
dant and  important  nutritious  material. 
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4,  Paraglobtxline. 

This  substance  is  a  constituent  of  the  blood-plaflma,  where  it  exists 
in  the  proportion  of  22  parts  per  thousand,  being  a  little  leas  than  one- 
half  as  abundant  as  the  ulbumun.  After  cougulation  of  the  blood 
it  remains,  together  with  the  alltumen,  as  an  ingredient  of  the  serum. 
It3  name  is  derived  from  the  fact  that  it  has  similar,  but  not  identicfll, 
reactions  with  a  substance  fornierly  (extracted  from  the  blood-globules, 
and  by  Lebmanii  termed  "globuline;"  one  of  the  most  prominent  of 
these  reactions  being  its  precipitation  from  dilute  blood-serum  or  saline 
solutions  by  a  stream  of  carbonic  acid,  or  by  the  addition  of  very  dilute 

tic  acid.  Paraglobulitu'  belongs  to  a  group  of  substances.,  including 
two  following,  which  are  insoluble  in  pure  water,  but  soluble  in 
dilute  sohitions  of  sodium  chloride,  in  which  they  are  coagulable  by 
heat.  If  the  serum  of  the  blood,  accordingly,  be  subjected  to  a  boiling 
temperature,  the  whole  of  its  albumen  and  paraglobuline  coagulate 
together ;  but  if  it  be  diluted  with  ten  times  its  volume  of  water,  and 
then  treated  with  a  stream  of  carbonic  acid,  its  paraglobuline  will  b*^ 
thrown  down,  while  the  albumen  remains  behind.  Paraglobuline  is 
preeipitablc  from  blood-serum  by  the  addition  of  powdered  sodium 

loride  in  excess. 

The  physiological  relations  of  paraglobuline  with  albumen  are 
unknown.  The  similarity  in  propertiee  and  quantity  of  the  two  sul>- 
stances,  as  ingredients  of  the  blood,  make  it  possible  that  either  one 
may  be  a  product  of  metamorphosis  from  the  other ;  or  they  may  both 
have  been  formed  out  of  some  other  preceding  substance,  to  serve  for 
different  puqxises  in  the  act  of  nutrition. 
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5.  Fibrinogen. 

Tliia  Bubstanee  exists  in  a  fluid  form  in  tho  blood  of  the  liying  body, 
and  at  the  lime  of  its  coagulation  is  converted  into  fibrin©.     It  is  prea 
ent  in  the  blood  in  much  Hnjaller  quantity  than  its  other  albnniinoiifl 
ingredients?,  amounting  to  not  more  than  3  parts  per  thounand.     Like 
paraglobuline,  it  is  insoluble  in   water,  but  soluble  in  neutral  saline 
eolutiotiH,  and  in  this  condition    is  coagulable   by  heat.     It   is   alsoj 
thrown  down  from  fluids  which  contain  it  by  a  stream  of  carbonic  acidJ 
or  by  dilute  acetic  acid.     Its  most  striking  character  is  its  liability  to 
coagulate   by  contact  with  a  special  ferment,  the  so-calied  "  fibrine- 
ferment,"  which  is  considered  as  the  natural  exciting  eaose  of  its  coa| 
ulation.     This?  procesn  is  analogous  to  the  coagulation  of  caseine  bj 
rennet ;  the  fibrine-ferment  acting  only  by  contact,  while  the  fibrinogei 
supplies  the  materia!  of  the  solidified  fibrine.     If  pure  fibrinogen,  in  a 
dilute  saline  solution,  be  coagulated  by  beat,  the  quantity  of  coaguluirt^ 
so  obtained  is  as  great  as  that  produced  from  coagulation  by  action  o( 
the  ferment  (Frederieq).     This  shows  that  the  spontaneous  coagulation 
of  fibrinogen  in  the  blood  does  not  depend  upon  it«  union  with  another 
substance,  but  that  it  is  simply  a  change  of  molecular  condition,  like  that 
which  occurs  in  otlier  coagulable  .substances. 

Fibrinogen  is  best  obtained  from   horse's  blood,  according  to  tb« 
method  of  Hammarsten.*     The  blood,  as  it  escapes  from  the  vessels,  is 
received  into  ^  of   its  volume  of  a  saturated  solution  of  magnesinm>^ 
sulphate,  with  which  it  is  thoroughly  mingled.     This  arrepts  its  coag<^| 
ulation.     The  mixture  is  then   .slowly  filtered,  to  separate  the  lilnod- 
globules,  and  the  clear  tillered  fluid  is  treated  with  its  own  volume  of 
a  saturated  sodium  chloride  solution.     This  throws  down  the  fibrinogea^B 
with  some  other  albuminous  matters.     To  effect  its  purification,  the^^ 
precipitate  is  cleansed  from  the  adherent  liquid  by  pressure  with  bibu- 
lous paper,  finely  divided,  dissolved  in  a  sodium  chloride  solution  of  the 
Ktrength  of  8  per  cent.,  and  again  jjrecipitated  by  the  same  salt  in 
saturatod  solution.     This  operation  is  once  more  repeated;  and  after 
the  third   precipit-ation  with  saluroted  sodium  chloride  solution,  tlu 
fibrinogen  is  redissolved  in  pure  water.     It  is  then  in  a  state  of  purity, 

Fibrine,  produced  by  the  coagulation  of  fibrinogen,  is  a  tenaciouj 
whitish  substance,  of  firmer  consistency  than  coagulated  albumen.  It 
has  a  considerable  degree  of  extensibility  and  elasticity,  and  will 
retract  with  sufficient  force  to  gradually  expel  any  surplus  liquid 
eutaiigled  in  it.  It  is  insoluble  in  water  and  in  neutral  saline  solu- 
lions.  It  is  swollen  and  softened,  but  not  liquefied,  at  ordinary  temi)er«^| 
atures.  by  dilute  acids,  and  is  slowly  dissolved  by  dilute  alkalies.  If 
heated  in  contact  with  moisture,  or  treated  with  alcohol,  it,  is  rendered 
opaque,  loses  its  extensibility  and  elasticity,  and  iK-comes  in  appearance 
more  like  coagulated  albumen.  It  forms  the  solidified  portion  of  infiam- 
matory  exudations  on  serous  surfaces  or  in  the  tissue  of  diseased  organs. 


*  Archiv  fQr  die  gefiammte  PhyRiulogie.    BoiiJi,  1879,  Kuiid  XfX.,  p.  S(S3. 
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6.  Hyosine. 

The  contractile  Bubstance  of  the  i*triped  muscular  fibres  dnrinp  life 
con^iists  lar^ly  of  a  thickish  fluid  or  semifluid  alkaline  plasma.  Aft«r 
death  it  coajfulates,  and  the  coafrnlntlnjf  subsUmcp,  ternied  "myosine," 
prt'st'nts  aome  analogy  with  LhL<  fibrinous  matter  of  the  blood.  Its 
spontaneous  coagulation  pives  rise  to  the  condition  of  cadaveric  rigid- 
ity, in  which  the  muscular  fibres  lose  their  power  of  contraction  and 
relajnttion,  becoming  solidified  and  opaque.  At  the  same  time  the 
reaction  of  the  muscular  tissue  changes  from  alkaline  to  acid. 

The  coagulation  of  the  muscular  plasma,  like  that  of  the  blood,  is 
retarded  for  a  time  by  the  action  of  cold;  and  it  takes  place  less 
rapidly,  after  death,  in  the  cold-blooded  than  in  the  warm-blooded 
animals.  This  fact  has  been  used  by  Kiihue  for  its  extraction,  from 
the  muscular  tissue  of  frogs,  in  a  litjuid  condition.  The  vascular 
system  is  first  deprived  ftf  blood  by  an  injection  of  a  one-half  per  cent. 
solution  of  eodiuoi  chloride.  Tbe  muscles,  thoroughly  washed,  are  then 
suljjet'tcd  for  two  hour.'^  to  a  temperature  of  7*^  to  10°  C.  below  the 
frees ing-point.  reduced  to  a  pulp  in  a  cold  mortar,  and  then  allowed 
gradually  to  thaw  upon  a  filter.  As  the  temperature  rises  the  filtered 
fluid  coagulates. 

Coagulated  myosine  is  a  gelatinous  amorphous  substance,  insoluble 
in  water  and  in  concentrated  solutions  of  sodium  chloride ;  but  is  dis- 
solved by  a  watery  solution  of  salt,  made  in  the  proportion  of  ten  per 
cent,  or  less.  It  may  be  extracted  after  death  by  bruising  the  muscu- 
lar tissue  to  a  pulp  in  a  ten  per  cent,  solution  of  sodium  chloride,  filter- 
ing the  expr<'ssed  liquid,  and  allowing  it  to  fall  by  drops  into  a  large 
quantity  of  distilled  water,  when  the  myosine  separates  by  precipita- 
tion. It  is  distinguished  from  coaguhitfd  fibrine  by  its  solubility  in 
aeutral  .^saline  solutions  of  a  certain  strength,  as  well  as  })y  its  ready 

lubility  in  feebly  acidulutnl  solutions.  When  dissolved  in  a  neutral 
le  fluid  it  is  coagulabh-  hy  heat,  like  the  albumen  of  blood. 


7.  Syntonine. 

Syntonine  Is  so  called  Ixjcause  formerly  supposed  to  be  the  contractile 
ingredient  of  muscular  flesh,  from  which  it  was  obtained  by  extraction 

th  a  dilute  acid.  But  a  substance  having  the  same  characters  may 
extracted  by  similar  means  from  many  of  the  animal  solids  and 
fluids.  Any  one  of  the  albujuluous  matters,  if  treated  with  a  solution 
of  hydrochloric  acid  of  about  4  parts  per  thousand,  after  a  time  dis- 
BolveB  and  becomes  altered  in  its  properties,  so  that  it  is  soluble  in 
either  dilute  acids  or  alkalies,  but  insoluble  in  neutral  watery  liquids 
and  saline  solutions.     Its  solution  in  u  dilute  alkali  is  coagulable  by 

U,  and  if  previously  boiled  in  water  it  becomes  insoluble  in  dilute 
'■Elds.  It  appears  to  bo  identical  iu  character,  from  whatever  source  it 
is  derived. 

Obtained  by  the  above  means,  syntonine  is  an  artificial  product. 
But  the  same  substance  is  formed  in  the  stomach  during  digestion  by 
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the  action  of  the  acid  gastric  juice  upon  the  albuminous  elements  of  the 
food.  It  is  the  first  stage  in  the  digestive  process,  by  which  all  these 
substances  are  reduced  to  the  form  of  syntonine.  It  may  be  precipi- 
tated from  its  solution  in  the  gastric  juice  by  careful  neutralization 
with  an  alkali.  This  is  the  only  situation  in  the  body  in  which 
syntonine  is  known  to  be  normally  present. 

8.  Peptone. 

This  substance  is  the  final  product  of  the  stomach  digestion  of  albu- 
minous matters.  These  matters,  first  converted  into  syntonine  by  the 
acid  of  the  gastric  juice,  are  further  transformed  by  the  action  of  its 
ferment  or  "pepsine."  The  result  of  this  transformation  is  peptone; 
and  it  appears  to  be  essentially  the  same  substance,  whether  derived 
from  the  digestion  of  coagulated  albumen,  fibrine,  myosine,  or  other 
nutritious  albumenoids.  It  is  soluble  in  water,  in  dilute  acid  and 
alkaline  liquids,  and  in  neutral  saline  solutions  in  all  proportions.  Even 
strong  mineral  acids  have  no  effect  upon  it.  It  is  not  coagulated  by 
heat,  nor  by  potassium  ferrocyanidc  in  acidulated  solution,  a  reagent 
so  prompt  and  effective  for  albuminous  matters  in  general ;  though  it 
is  thrown  down  by  alcohol  in  excess  and  by  the  metallic  salts.  It  has 
therefore  acquired,  in  (Comparison  with  other  substances  of  this  group, 
an  increased  range  of  solubility. 

But  its  most  distinctive  feature  is  its  diffusibility.  Unlike  other 
albuminous  matters,  it  passes  readily  through  animal  membranes  or 
parchment  paper.  Comparative  experiments  on  the  two  substances 
show  that  the  diffusibility  of  peptone  is  about  twelve  times  as  great  as 
that  of  albumen.  By  this  means  it  is  enabled  to  leave  the  cavity  of 
the  alimentary  canal,  and  to  pass  through  the  walls  of  the  blood-vessels 
into  the  circulation. 

The  transformation  of  albuminous  matters  into  peptone  is  a  phenom- 
enon of  catalysis.  It  dqes  not  represent  any  fundamental  change  in 
the  chemical  composition  of  these  bodies,  since  the  elementary  analyses 
of  peptone,  thus  far  made,  show  that  it  contains  nearly  the  same  pro- 
portions of  carbon,  hydrogen,  nitrogen,  oxygen,  and  sulphur  as  the 
substances  from  which  it  is  produced.  The  principal  modification 
which  takes  place  seems  to  consist  in  the  assumption,  by  the  original 
albuminous  matter,  of  the  elements  of  water, — that  is,  in  a  hydration. 
This  is  claimed  as  proved  by  direct  experiment;  and  it  is  held  by 
observers  of  high  repute,*  that  peptone  is  simply  an  albuminous 
substance  in  its  state  of  maximum  hydration,  retaining  its  chemical 
qualities  and  nutritive  value,  but  altered  in  its  physical  properties  of 
solubility^  and  diffusibility.  If  this  view  be  correct,  peptone  will 
stand  in  its  relation  to  albumen  very  much  as  glucose  in  its  relation  to 
glycogen  and  starch. 

The  fresh  juices  of  growing  plants,  and  especially  of  the  succulent 
vegetables,  contain  a  nitrogenous  substance  coagulable  by  heat,  and 


*  Hoppe-vSeyler,  Physiologische  Chemie.  Berlin,  1878,  p.  227. 
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POTTespondinp  with  albnrainoufj  matters  in  chemical  composition.  It 
ie  known  as  "  vegetable  albumen."  In  peas  and  beans  there  in  also 
8  substance,  termed  *'  legumine,"  similar  to  the  caseine  of  milk.  It  is 
not  coajjTuIated  by  boat,  I)ut  is  throvm  down  Iwth  by  the  organic  acids 
and  by  magnesium  sulphate  in  execs.*.  According  to  some  observers  it 
is  also  coagulable  by  rennet.  The  cereal  grains,  and  especially  wheat, 
contain  a  substance  insoluble  in  water,  which,  in  its  tenacity,  extensi- 
bility, and  elasticity,  resembles  coagulated  fibrine.  It  is  this  substance 
which  gives  con.sistency  to  the  dough  made  from  wheaten  flour,  enabling 
it  to  retain  the  starchy  materials  in  a  consistent  mass. 

FEEMEKTS. 
The  substances  belonging  to  this  grou])  are  distinguished  from  the 
preceding;  First,  by  their  inferior  quantity.  Their  amount  i.-*  usually 
too  small  to  allow  either  of  exact  chemical  analysis  or  quantitative 
determination ;  and  they  are  known  more  from  their  effects  than  from 
their  physic^il  characters.  Secondly,  their  action  is  one  of  catalysis. 
They  do  not  directly  form  the  materials  of  nutrition,  but  they  cause  in 
these  materials  the  changes  requisite  for  assimilation.  For  this  reason 
they  arc  not  perceptibly  consamed  in  the  process ;  a  very  small  quan- 
tity of  the  ferment  being  sufficient  to  produce  the  needed  result  in  a 
large  quantity  of  material.  Thirdly,  when  heated,  in  watery  solution, 
to  the  boiling  point,  their  properties  are  changed  and  they  become 
inactive  as  ferments.  This  fact,  which  is  denied  by  some  writers,  has 
been  unmistakably  evident  in  our  own  observations,  and  appears  to  be 
amply  confirmed  by  the  experience  of  others.*  Fourthly,  the  ferments 
are  preciYiitated  from  their  solution.^  by  alcohol  in  exces.-*.  But  there  is 
a  marked  difference,  in  this  resprct,  between  them  and  the  albuminous 
matters  proper.  An  albuminous  matter,  coagulated  by  alcohol,  is  per- 
manently altered,  and  cannot  be  again  rendered  soluble  except  by 
means  which  still  further  modify  its  character.  A  ferment,  on  the 
other  hand,  when  thrown  down  by  alcohol,  may  be  kept  in  this  con- 
dition for  an  indefinite  time ;  and,  after  the  removal  of  the  alcohol,  if 
rcdi.ssolved  in  water,  will  again  exhibit  its  characteristic  activity.  The 
ferments  may  also  be  extracted  aud  preserved  by  the  action  of  glycerine, 
which  ia  often  used  a.s  a  convenient  means  for  their  preparation. 

1.  Ptyaline. 

This  is  a  ferment  belonging  to  human  saliva,  which  has  the  prop- 
erty of  converting  boiled  starch  into  sugar.  Its  action  takes  place 
most  readily  in  a  slightly  alkaline  solution,  at  the  temperature  of  the 
Uring  body.  It  is  obt^iined  in  comparative  purity  by  adding  to 
the  saliva  dilute  phoKphuric  ncid.  and  neutralizing  the  solution  with 
lime-water.     The  precipitate  of  lime  phosphate  thus  produced  bring.'i 

*  Hoppe-Seyler,  Physiologiache  Chemie.  Berlin,  1878,  p.  113.  CSorup-Besanex, 
l^ehrbach  der  Physiologinchcn  C.liemie.  Bmiinschweig,  1878,  p.  604.  Ewa.Id,  Die 
Lehre  von  der  Venlauung.     Berlin,  1879,  p.  122. 
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down  with  it  the  ptyalinp,  which  may  nftcrward  he  dissolved  in  water, 
precipitated  by  atcohol  from  its  wat»^ry  solutioTi,  and  again  dissolved  in 
water.  Evaporated  to  dryness,  it  is  an  amorphous  nitrojirenous  sub- 
Btance,  and  wLun  heated  to  decomposition,  gives  off  the  odor  of  burnt 
horn.  It  appears  to  be  constantly  present  in  human  saliva,  within  »! 
short  time  sifter  Iwrlh,  and  in  that  of  the  gnawing  animals,  as  rabbita] 
and  guiuea-pigs ;  hut  is  not  found  in  thai  of  the  dog  or  horse. 

2.  Pepsine. 

Pepsine  is  the  digestive  fernient  of  the  gastric  juioe,  by  which  the 
albuminous   matters   of    the  food  are   transformed   into  j)eptone.     It 
operates  only  in  an  acidulated  solution,  since  the  influence  of  an  acid  ia^_ 
necessary  for  the  preliminary  conversion  of  albuminous  matter  into^H 
syntonine.     It  requires  also  a  moderately  elevated  temperature,  that  ^i 
of  the  living  body  being  most  favorable.      Pepsine  is  prepared  from 
gastric  juice,  according  to  the  method  of  Schmidt,  by  neutralizing  the 
fresh  juice  with  linte-water,  evaporating  the  filterfd  liquid  to  a  syrupy 
consistency,  and  preripitating  with  absolute  alcohol.     The  precipitate 
is  redissolved  in  water,  again  thrown  down  by  chloride  of  mercury, 
and   the  metallic  precipitate  decomposed  by  sulphuretted  hydrogen.^^J 
The  filtered  fluid  contains  pepsine  in  solution.  ^M 

It  is  also  obtained  from  the  mucous  membrane  of  the  pig's  stomach,  ^^ 
which   is  cut  into  small   pieces  iind  digested    for  several   days  with 
glvcerine.     The  glycerine  extract  is  then  treuted  by  a  large  addition  of 
alcohol,  juid  tlif  pepsine,  thus  precipitated,  after  being  washed  witb^^ 
alcohol,  is  dissolved  in  water.    The  solutions  obtained  by  these  proce.Hso»^^B 
are  not  supposed  to  contain  the  ferment  in  n  perfectly  pure  state;  but 
if  slightly  acidulated,  they  will  exhibit  its  digestive  action  on  albumin-^y 
ous  matters  at  the  temjierature  of  the  body  with  considerable  energy.^| 
Pepsine  is  a  non-diffusible  substance,  soluble  in  water  and  in  glycerine.  ^\ 
It  is  not  precipitated  by  the  mineral  aciils.     It  exists,  with  essentially 
the  same  properties,  in  the  gastric  juice  and  gastric  niucuus  membrane 
of  all  animals  hitherto  examined,  and  is  found  in  the  stomach  of  the 
human  embryo  as  early  as  the  beginning  of  the  fourth  month. 

3.  Pancreatio  Ferments. 

In  the  secretion  of  the  pancreas  there  are,  beside  a  certain  quantity 
of  albuminous  matter,  no  less  than  three  ferments,  differing  in  their 
mode  of  action.     The  most  important  of  these  ia  "pancreatine,"  or 
the  sugar-protiucing  ferment.     Jt  acts  in  a  similar  manner  to  ptyaiine,] 
but  with  greater  energy;  being,  according  to  all  observers,  by  far  th«j 
most  prompt  and  effective  of  all  known  substances  for  the  conversioi 
of  starch  into  sugar.     It  i.s  ohtainefl  by  digesting  the  chopped  pancreaaj 
in  lime-water,  after  which  the  sohition  is  neutralized  by  phosphoric' 
acid,  producing  a  precipitate  of  lime  phosphate,  by  which  the  ferment 
ia  thrown  down,  euLangled  with  other  organic  matters.     As  these  im- 
purities arc  more  hrmly  hxed  by  the  calcareous  salt  than  the  ferment. 
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the  latter  can  be  extracted  by  water,  and  snbsequently  precipitated  by 
alcohol  from  its  watery  solution.  It  is  wantinj;  in  the  paticrea«  of 
newly-born  infants. 

The  second  pancreatic  ferment  is  known  as  "  trypsine,"  from  its 
softening  effect  on  coagulated  albuminous  matters.  It  acts  upon  them 
somewhat  like  the  gastric  ferment,  tranpforroing  them  into  peptone. 
The  pancreatic  juice,  as  well  as^  the  extract  of  the  pancreatic  tissue,  cer- 
tainly contains  a  substance  capable  of  digesting  and  dissolving  coagu- 
lated albumen  or  fibrino  ;  but  this  action  is  effected  with  readiness  only 
in  an  altaline  or  neutral  fluid,  and  is  soon  followed  by  putrescence.  In 
an  acidulated  solution  it  goes  on  with  diflBculty  or  not  at  all,  and  accord- 
ing to  Hoppe-Seyler  is  distinctly  interfered  with  by  the  presence  of 
hydrochloric  acid  in  the  proportion  of  one  part  per  thousand.  It  is 
doubtful  bow  far  it  takes  place  during  digestion  in  the  fluids  of  the  small 
intestine,  which  have  normally  an  acid  reaction.  Pancreatine  and  tryp- 
Bine  are  accordingly  two  distinct  substances  with  different  properties, 
the  former  having  an  action  upon  starch,  the  lnttx»r  upon  albuminous 
matters.  They  are  also,  according  to  Langendorff,*  produced  in  the 
embryo  at  different  periods  of  development ;  trypsine  showing  itself  at 
the  beginning  of  the  fifth  mouth,  while  pancreatine  only  appears  after 
blrtb. 

The  third  ferment  in  the  pancreatic  juice  is  one  which  causes  the 
acidification  of  neutral  fats.  This  change  may  bo  [»roduced  with  either 
pancreatic  juice,  infusions  of  the  gland,  or  fresh  moist  pieces  of  the 
gland  tissue,  placed  in  contact,  at  38'-'  C,  with  liquid  neutral  fat;  their 
normal  alkalescence  giving  place,  after  a  time,  to  an  acidity  due  to  the 
liberation  of  fatty  acid.  So  long  as  any  surplus  alkali  remains,  the 
decomposed  fat  is  suponified ;  but  the  proportion  whieh  undergoes  this 
additional  modification  seems  to  bi'  normal!}'  a  small  one.  The  pan- 
creatic ferment  which  causes  acidifie^itioii  of  the  fats  has  not  been  ob- 
tained in  a  separate  form. 

4.  Fibrin  e -ferment. 
This  is  the  substance  which  indueos  the  coagulation  of  fibrinogen 
and  the  production  of  tihrine  in  freshly  drawn  blood.  It  acts  in  such 
minute  quantity  that  its  physical  and  chemical  characters  have  not 
been  accurately  determined,  and  even  its  source  is  not  fully  known.  But 
in  some  way  or  other  it  appears  in  the  blood  soon  after  its  discharge 
from  a  wounded  vessel,  or  even  when  its  cireulation  has  been  arrested 
by  a  ligature.  It  seems  to  be  exuded,  perhaps  from  the  interstitial 
fluidB,  wherever  the  walls  of  the  blood-vessels  arc  divided,  bruised, 
degenerated,  or  inflamed;  for  at  these  situaiiotis  the  blood  ahvsiys 
COAgolates.  It  is  obtained,  according  to  the  method  of  Schmidt, f  from 
blood-«erum  by  coagulating  it  with  15  or  20  times  its  volume  of  strong 
alcohol,  and  allowing  the  mixture  to  remain  fur  two  weeks,  to  secure 


•  Archiv  fur  Anatomie  unJ  Physiologie.     Leipzig,  1879,  p.  95, 

f  Archiv  fiir  die  getiatiitutv  PhyHiulogie.     liuim,  187*2,  Baiid  VI.,  p.  413. 
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complete  insolnbility  of  the  aUniminoua  matters.  The  coa^ulum  is  then 
dried,  pulverized,  ireiited  witii  water  to  double  the  oriirinnl  volume  of 
the  serum,  and  the  watery  extraet  filtered.  The  filtered  solution  con- 
tains the  termeiit,  and  if  added  to  a  fluid  containing  fibrinogen  will 
Cftnse  its  coaguluttou. 

5.  Diastase. 

Diastase  la  a  vegetable  nitrogenous  matter,  produced  in  the  germina- 
tion of  the  cereal  grains,  and  especially  of  barley,  by  which  their 
starch  is  converted  iuto  dextrine  and  .-.uirar.  It  may  be  extrucgi'd  from 
malting  barley  with  water,  the  coneeutrated  watery  extract  being 
precipitated  by  alcohol,  and  the  precipitate  dried  and  redissolved  in 
water.  Its  artioti  is  nioi^t  rapid  in  a  neutral  menstruum  and  at  mod- 
erately wurni  teraj>eratures,  eeasiug  about  75°  C.  It  is  considered  as 
the  representative  of  the  gugar-prodiicing  bodies  of  this  group,  oil 
those  having  a  similar  action  being  designated  as  "diastatic"  ferments. 

MUCIFORH,   GELATINOUS,   AND   BOLIB  ALBtJMENQID   SUB- 
STANCES. 
The  substances  of  this  group  are  distinguished  rather  by  their  con- 

eistencj  than  by  their  active  cbemiail  or  physiological  propertie.'<.  They 
do  not  form  part  of  the  jiuiritious  juices,  like  albunnnous  matters,  nor 
give  rise  to  ehemieal  trausformalious  like  the  ferments.  They  have 
reached  their  finul  sta^'e  in  the  constructive  nutrition  of  the  body,  and 
are  useful  in  facilitatiug  the  mechanical  movemeut  of  the  parts,  or  in 
hohiing  the  other  ingredients  of  the  tissues  in  a  coherent  mass.  They 
are  not  easily  affected  by  chemical  influences,  and  most  of  them  show 
great  resistance  to  the  uetiou  of  ordinary  alkaline  or  acidulated  liquids. 
As  a  rule,  they  constitute  the  organic  part  of  the  solid  tissues. 


1.  Mucine. 

There  are  various  secretions  in  tlie  body  designated  by  the  common 
name  of  "  mucus,"  and  distinguished  by  a  peculiar  physical  character 
of  viscidity  and  lubricity.  This  (xmsisteney  is  due  to  the  presence  of 
mucine.  It  exists  in  all  the  varieties  of  mucus,  some  of  which,  like 
those  of  the  broiiehiul  tubes  and  intestines,  are  nearly  fluid,  while 
others,  like  that  of  the  (ervix  uteri  during  pregnancy,  are  gelatinous 
and  semi-solid.  It  is  also  present  in  the  synovia,  the  secretion  of  the 
gall-bladder,  and  the  saliva  of  the  submaxillary  and  sublingrual  glands. 
The  secretion  of  the  mucous  follicles  of  the  mouth  consists  of  it  almost 
exclusively.  Like  the  albuminous  matters,  it  contains  carbon,  hydro- 
gen, nitrogen,  and  oxygen,  but  is  destitute  of  sulphur.  In  pure  water 
it  swells  up  without  biToming  liquid,  but  it  is  soluble  in  alkaleseent 
Holutious.  particularly  in  those  of  the  alkaline  earths,  as  lime-water  and 
baryta-water.  It  is  not  affected  by  boiling,  but  is  precipitated  by  acetic 
acid.  It  is  thought  to  be  held  in  solution  in  the  mucous  secretions  by 
their  free  alkali ;  the  varying  consistency  of  the  secretions  being  due 
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o  the  quantity  of  alkali  which  th**y  contain.  Mucinr  isi  nnaffected  by 
mtk^t  of  thf  nietallic  salts,  lead-aubaeetate  being  the  only  one  which 
producer  a  distinct  coagulation.  In  some  cases,  as  in  the  bih>,  it  ig  dis- 
solved in  the  fluid  ingredients  of  the  secretions,  from  which  it  may  l>e 
separated  by  alcohol.  In  others,  a«  in  the  urine,  it  is  only  nuchanically 
imspeuded,  sub.siding  as  a  light  deposit  after  a  few  hours'  repose. 

Mncinc  is  useful   mainly  by  lubricating  the   opposite   surfaces   of 

ac^iaccnt  organs,  as  in  the  synovial  cavities;  by  protecting  mucous  mem- 

es  from  the  air,  as  in  the  trachea  and  bronchi  nr  by  facilitating  the 

ication  and  dejilutiiiou  of  food,  as  in  the  secretions  of  the  mouth 


nod  subuiajcillary  glands. 

2.  Gelatiiie, 

This  substance  is  very  widely  diffused  in  the  animal  body,  forming 
the  more  or  less  homogeneous  interstitial  mass  of  the  bones,  ]xrios- 
tpum,  tendons,  ligaments,  fasciJB,  and  connective  tissues  generally.  All 
these  tissues,  although  at  first  insoluble  in  boiling  water,  become  dis- 
solved after  long  ebulHtiou ;  and  the  dissolved  matter  solidities,  on  cool- 
ing, into  a  jelly-like  mass.  This  substance  is  the  animal  principle  of 
glu<!.  It  was  formerly  doubted  whether  gelatine  represents  the  original 
iagredient  of  the  fibrous  and  bony  tissues,  or  an  altered  prwluct  due  to 
wintiuued  ebullition.  Comparative  analyses,  however,  of  the  gclatige- 
noue  tissues  and  of  the  gelatine  extracted  from  thenv  have  shown  that 
there  is  not  onh*  no  appreciable  difference  in  their  chemical  constitu- 
lion,  but  that  the  solid  residue  of  the  dried  tissue  and  that  of  the  gela- 
tine extracted  from  it  are  the  same  in  weight.    (Hoppe-Scylcr.) 

A  hot  solution  of  this  substance  gelatinizes  on  cooling  when  present 
in  the  proportion  of  3  per  cent. ;  below  this  quantity,  or  if  the  boiling 
be  repented,  it  may  remain  litjuid.  Its  solution  rotates  the  plane  of 
polarization  to  the  left  130'^.  It  is  thrown  down  by  alcohol  and  by 
tannic  acid.  The  last,  which  is  the  only  acid  by  which  this  substance 
is  precipitated,  is  a  very  sensitive  test  of  its  presence ;  and,  according 
to  Hardy,*  will  det^^ct  one  part  of  gelatine  in  6,000  parts  of  water.  A 
eimilar  combination  takes  place,  in  the  process  of  tanning,  between 
tannic  acid  and  the  substance  of  the  fibrous  tissues,  by  which  they  are 
remiered  harder,  more  imjucrmenble  to  water,  and  incapable  of  putre- 
faction. Gelatine  is  not  affected  by  potassium  ferrocyaiiide  with  acetic 
acid,  nor  by  lead  subacetate.  It  contains  sulphur  as  oue  of  its  iugredient8. 

3.  Clioiidrine. 

The  intercellular  substance  of  cartilage  resemldes  that  of  the  bones 
HBd  the  fibrous  tissues  in  yielding,  by  prolonged  boiling  with  water,  a 
substance  which  will  gelatinize  on  cooling.  In  the  case  of  the  carti- 
lages, however,  this  substance  is  termed  chondrine,  from  the  source 
from  which  it  is  derived.     Chondrine,  like  gelatine,  contains  sulphur. 

•Chioiie  Biolojjtque.     Paris,  1871,  p.  282. 
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and  presents  for  the  most  part  similar  chemical  reactions.  It  differs 
from  gelatine  in  being  precipitated  from  its  watery  solution  by  both 
acetic  acid  and  lead  subacetate.  It  rotates  the  plane  of  polarization  to 
the  left  213.5°. 

4.  Elastine. 

The  fibres  of  all  the  yellow  elastic  tissues,  as  in  the  middle  coat  of 
the  larger  arteries,  the  elastic  ligaments  of  the  spinal  column,  and  the 
ligamentum  nuchee,  consist  mainly  of  a  homogeneous  substance  dis- 
tinguished by  its  refractory  nature  toward  chemical  reagents.  It  is 
obtained  by  boiling  the  elastic  tissues  successively  with  alcohol,  ether, 
water,  acetic  acid,  dilute  soda  solution,  and  dilute  hydrochloric  acid. 
The  clastinc,  thus  purified  from  other  ingredients,  is  not  itself  soluble 
in  either  of  the  above  liquids.  It  is  not  converted  into  gelatine  even 
by  long  boiling ;  and  it  is  dissolved,  but  at  the  same  time  decomposed, 
only  by  the  concentrated  acids  and  alkalies.  The  slender  elastic  fibres 
mingled  with  connective  tissue,  and  the  sarcolemma  of  the  striped 
muscular  fibres,  are  probably  composed  of  the  same  substance.  Elas- 
tino  contains  no  sulphur. 

6.  Keratine. 

This  is  the  exceedingly  resisting  and  indestructible  substance  of  the 
hair,  nails,  epidermis,  feathers,  and  all  horny  tissues.  It  is  unaffected 
by  boiling  with  alcohol,  ether,  water,  or  the  dilute  acids.  By  continu- 
ous boiling  in  a  Papin's  digester  at  150°  C.  it  is  liquefied  and  partly 
decomposed.  It  is  distinguished  from  the  preceding  substance  by  con- 
taining sulphur  as  an  ingredient ;  and  when  decomposed  by  boiling 
under  pressure  or  with  concentrated  alkalies,  it  gives  rise  to  hydrogen 
sulphide  vapors. 

Source,  Changes,  and  Destination  of  the  Albumenoid  Substances. — 
The  source  of  albumenoid  substances  in  the  animal  body  is  in  the 
food.  Herbivorous  animals  take  them  ready  formed  in  the  juices  and 
parenchyma  of  plants,  and  the  carnivora  are  supplied  with  them  in 
still  greater  quantity  in  the  animal  tissues.  Man  obtains  them  from 
both  sources,  and  all  nutritious  articles  of  food  contain  them  in  greater 
or  less  abundance.  According  to  the  estimates  of  Payen,  which  cor- 
respond very  closely  with  our  own  observations,  an  adult  man  requires 
a  daily  supply  of  about  130  grammes  of  albumenoid  matter  to  provide 
for  the  wants  of  the  system  ;  and  this  quantity  is  actually  contained  in 
the  food  consumed. 

But  although  albumenoid  matter  is  thus  abundantly  supplied  to  the 
system  from  without,  yet  the  particular  substances  characteristic  of  the 
various  tissues  and  fluids  are  formed  within  the  body,  by  transformation 
of  those  introduced  with  the  food.  None  of  the  albumenoids  contained 
in  the  food  of  an  herbivorous  animal  are  precisely  identical  with  those 
of  his  own  body.  All  the  tissues  and  juices  of  the  embryo  chick  are 
formed  from  the  albumen  of  the  egg ;  and  the  nourishment  of  all  the 
organs  of  the  infant  is  provided  at  the  expense  of  caseine,  the  albumen- 
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oid  element  of  milk.  There  are  many  different  kinds  of  these  sub- 
stances in  the  solid  parts  and  secretions  of  the  adult  body,  but  not  one 
of  them  is  contained  under  its  own  form  in  the  blood,  from  which  all 
the  nutritious  material  for  the  tissues  and  glands  is  supplied.  It  is 
evident  that  the  albumenoid  substances  finally  present  in  the  animal 
firame  are  produced  by  transformation  from  those  contained  in  the  food 
and  in  the  blood. 

Only  a  very  small  proportion  of  the  albumenoid  substances  is  dis- 
charged with  the  excretions.  Those  contained  in  the  perspiration,  the 
sebaceous  matter,  and  the  mucus  of  the  urinary  bladder  and  large 
intestine  are  almost  the  only  ones  which  find  an  exit  in  this  way.  A 
very  little  albumenoid  matter  is  exhaled  in  a  volatile  form  with  the 
breath,  and  a  little  also,  in  all  probability,  from  the  skin.  But  the  entire 
quantity  so  discharged  bears  an  insignificant  proportion  to  that  intro- 
duced with  the  food.  The  albumenoid  substances,  accordingly,  are 
decomposed  in  the  interior  of  the  body.  After  being  produced  by 
metamorphosis  in  the  act  of  nutrition,  they  are  still  farther  trans- 
formed in  the  process  of  destructive  assimilation,  and  they  are  repre- 
sented, in  the  excreted  products,  by  other  combinations  of  a  different 
form. 


CHAPTER  V. 
COLORING   MATTERS. 

SOME  of  the  animal  tissues  and  fluids  are  distinguished,  in  addition 
to  their  other  features,  by  characteristic  colors,  due  to  the  presence 
of  certain  coloring  matters.  In  some  instances,  as  in  the  red  globules 
of  the  blood,  and  the  green  leaves  of  plants,  the  coloring  matters  are 
directly  connected  with  active  physiological  functions.  In  others,  as 
in  the  choroid  coat  of  the  eye,  they  are  essential  to  the  physical  phe- 
nomena of  the  organs  to  which  they  belong.  But  notwithstanding  the 
evident  importance  of  these  substances,  and  the  striking  character  of 
their  optical  properties,  they  are  in  many  respects  more  difficult  of  study 
than  the  other  ingredients  of  the  body.  This  is  partly  due  to  the  com- 
paratively small  quantity  in  which  they  occur,  and  to  the  readiness  with 
which  they  are  decomposed  or  altered  in  the  process  of  separation ;  and 
it  is  sometimes  difficult  to  decide  whether  a  variation  of  tint  be  due  to 
the  different  proportions  of  several  coloring  matters  or  to  the  varying 
degrees  of  concentration  of  a  single  one. 

The  coloring  matters  are  all  nitrogenous  compounds,  but  differ  in 
essential  particulars  from  the  albumenoid  substances.  Those  which 
have  been  most  fully  examined  are  known  to  be  crystallizable ;  and 
it  is  probable  that  all  of  them  might  be  obtained  in  a  crystalline  form, 
could  thoy  be  completely  separated  without  decomposition.  The  most 
remarkable  of  all,  and  that  which  possesses  the  most  important  physi- 
ological properties  in  the  animal  body,  is  the  red  coloring  matter  of  the 
blood.  It  appears  to  be  analogous  in  many  respects  to  the  green  matter 
of  leaves  and  leaflike  organs  in  the  vegetable  world.  Each  of  these  two 
coloring  matters  is  the  most  abundant  and  widely  diffused  in  its  own 
kingdom,  and  is  distinguished  by  the  identity  of  its  characters  in  many 
different  species  of  animals  and  plants  respectively.  While  the  red 
coloring  matter  of  the  blood,  on  the  one  hand,  is  the  agent  by  which 
oxygen  is  absorbed  and  distributed  in  the  animal  body  ;  on  the  other,  it 
is  the  green  coloring  matter  of  plants  by  which  carbonic  acid  and  water 
are  decomposed  and  oxygen  set  free  in  the  act  of  vegetation.  It  is 
believed  by  many  that  all  the  coloring  matters  of  the  body,  in  man  and 
the  vertebrate  animals,  are  derived  by  transformation  from  the  coloring 
matter  of  the  blood  ;  and  although  we  have  no  complete  proof  that  this 
is  true  in  all  cases,  yet  it  is  evident  that  these  substances  have  a  close 
physiological  relation  with  each  other,  perhaps  as  distinct  and  real  as 
that  between  the  various  members  of  the  albuminous  or  saccharine 
groups. 
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The  organic  coloring  mattera  may  be  conveniently  removed  from 
liquids  containing  ihvm  by  the  action  of  animal  charcoal;  that  is, 
carbon  derived  from  the  imperfect  combustion  of  animal  sabstances. 
If  a  fluid  containing  either  of  the  coloring  matters  be  mixed  with  a 
sufficient  quantity  of  this  charcoal  and  filtered,  the  filtered  fluid  will 
through  colorless.  Albuminous  substances  are  also  retained  upon 
filler  when  treated  with  animal  charcoal ;  while  glucose  and  other 
er^tallizable  and  saline  matters  pass  through  frwly  in  solution. 

The  animal  coloring  matters  most  distinctly  recognized  are  those  of 
ihe  blood,  the  blackish-brown  tissues,  the  bile,  and  the  urine. 
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1.  Hemoglobine,  CiooHgeoNiMFeS.Oir^ 
Thiii  is  the  coloring  matter  of  the  red  globules  of  the  blood,  the 
tnost  abundant  and  important  substance   belonging   to  this  group. 
It  forms  much   the    largest 

proportion  of  the  solid  iugre-  '^*°*  ^'- 

dients  of  the  dried  blood- 
globules,  and  amounts  to 
from  25  to  30  i^er  cent,  of 
their  weight  in  the  fresh 
condition.  It  is  also  found, 
io  much  smaller  quantity,  in 
the  substance  of  the  muscu- 
lar tissue,  of  which  it  forms 
the  coloring  principle.  It 
crystallizes  in  well  marked 
forms,  which  vary  somewhat 
in  different  species  of  ani- 
mals; but  are  all,  so  far  as 
known,  either  rhombic  or 
hexagonal  tables  or  prisms. 
It  is  soluble  in  water,  in  very 
_dilute  alcohol,  and   in  dilute 

itions  of  albumen,  of  the  alkalies,  and  their  carbonates,  and  of 
ium  and  ammonium  phosphates.  It  is  insotublo  in  strong  alcohol, 
In  ether,  and  in  the  volatile  and  fatty  oils.  In  almost  every  conditinn 
it  is  readily  decomposed.  According  tn  PreytT,*  crystals  which  have 
>een  thoroughly  dried  at  a  temperature  below  the  fireezing-iroint  become, 
a  time,  decomposed,  and  lose  their  color  and  solubility,  even  at 
rordinary  temperatures.  A  watery  solution  of  hemoglobine  kept  at  anj 
temperature  above  the  freezing-point  of  water  becomes  altered  in  the 
of  twenty-four  hours,  and  if  heated  to  64°  C.  it  ia  at  once 
iposed. 
Hemoglobine,  when  crystallized,  presents  the  bright  red  color  of 
Larterial  blood.     It  is  distinguished  beyond  all  other  known  ingredients 
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of  tho  body,  by  its  capacity  for  abgorbinp  oxygen,  which  it  retsins  in 
the  form  of  a  loose  corubination.  According  to  the  averajcre  result  of 
various  expcrinicnt^s  one  graMinio  of  hemoglobine,  in  watery  solution, 
will  absorb  1.2t  cubic  centimetres  of  oxygen.  It  is  again  deprived  of 
its  aiipiTabundant  oxygen  under  the  influence  of  diminished  j»reesuri 
heat,  or  the  continued  diHpIacing  action  of  hydrogen  or  nitrogen.  I 
hue  varies  according  to  thesso  two  conditions,  being  bright  red  in  tb 
former  case,  dark  red  or  purple  in  the  latter.  It  ia  therefore  known 
under  two  different  forma ;  namely,  that  of  "  oxyhemoglobine,"  con- 
taining its  full  quota  of  loosely  combined  oxygen,  and  that  of  "  reduced 
hemoglobine,"  in  which  the  surplus  oxygen  ha.s  been  removed.  It« 
presence,  in  either  one  or  the  other  of  these  conditions,  is  tlip  eai 
the  color  of  arterial  and  venouH  blood. 

Spectrum  of  Hemoglobine. — All  triinyparent  coloring  mattere 
viewed  by  transmitted  light,  absorb  or  arrest  certain  portions  of  the 
luminous  ray  and  allow  others  to  pass.  The  transmitted  beam,  there- 
fore, appears  colored,  because  only  a  part  of  the  original  white  light 
reaches  the  eye.  If,  after  passing  through  a  colored  solution,  the 
luminous  ray  be  anniys^fd  into  its  spectrum  by  means  of  a  prism,  as  in 
tho  spectroscope,  it  ean  then  be  seen  exactly  what  colors  have  been 
allowod  to  pass  the  solution,  and  what  have  been  retained  by  absorption. 
Wherever  a  color  has  been  absorbed  or  arrested,  its  place  in  the  spec- 
trum is  ooeupird  hy  a  dnrk  band.  Such  a  band  occurrintr  in  the 
spectrum  of  any  colored  substance,  is  called  an  "absorption  band,"  and 
becomes  a  distinguishing  feature  in  the  spectrum  of  that  substance. 

The  spectrum  of  hemoglobine,  in  an  aerated  solution,  is  distinguished 
by  two  separate  absorption  bands.  The  first  is  a  comparatively  nar- 
row, dark,  and  well-detined  band  situated  in  the  yellow,  a  little  to  the 
right  of  the  line  D.  The  second  is  a  wider,  fainter,  and  more  diffused 
band,  at  the  commencement  of  the  green,  and  a  short  distance  to  the 
loft  of  the  lino  E.  Both  bands  are,  therefore,  contained  in  the  space 
between  the  lines  D  and  E.  Beyond  E  the  green  and  blue  of  the  spec- 
trum are  visible,  but  the  light  dimiuishes  gradually  and  disappears  near 
the  end  of  the  blue,  so  that  the  indigo  and  violet  parts  are  completely 
dark.     Fresh  blood,  diluted  with  water,  will  give  the  same  appearance. 

If  the  solution  be  concentrated,  or  viewed  in  a  very  thick  layer,  it 
is  too  opaque  for  spectroscopic  examination,  and  may  shut  off  all  the 
light  of  the  spectrum  except  a  little  of  the  red  and  orange;  if  too 
dilute,  it  will  fail  to  exhibit  its  distinguishing  characters.  A  solu- 
tion of  a  certain  strength,  which  allows  abundance  of  light  to  pass, 
and  is  yet  sufficient  to  cause  its  absorption  at  particular  points,  is 
best  suited  for  examination.  With  pure  hemoglobine,  according  to 
Preyer;  a  solution  of  about  1.5  parts  per  thousand  gives  the  most 
marked  results.  With  fresh  blood,  if  ono  volume  of  the  defibrinated 
blood  be  diluted  with  one  hundred  volumes  of  water,  and  the  mixture 
viewed  in  a  layer  of  one  centimetre,  all  the  characteristic  traits  of  the 
spectrum  will  lie  distinctly  shown.     (Fig.  13,  I.) 
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lese  characters  form  a  very  delicate  test  for  the  coloring:  matter  of 
blood.  Preyer  has  found  that  with  a  solution  of  pure  hemog-lobine  iu 
water,  of  4  parts  per  ten  thousand,  the  ahsorption  bands  may  stilJ  l>e 
eet?n,  thoagh  the  second  one  is  very  faint;  and  according-  to  Hoppe- 
Seyler,  a  solution  of  one  part  in  ten  thousand  will  allow  them  to  be 
recognized  if  viewed  in  a  layer  one  centimetre  iu  thickness.  Fresh 
dog^s  blood,  if  diluted  with  1,000  parts  of  water,  and  viewed  in  a  layer 
I  of  3  centimetres'  thickness,  will  show  a  spectrum  in  which  both  absorp- 
tion bunds  are  distinctly  perceptible  though  not  very  stronp.  If  diluted 
with  10,000  parts  of  water,  and  viewed  in  a  layer  of  4.5  centimetres, 
the  firet  band  is  still  visible,  though  very  faint ;  the  second  is  imper- 
ceptible. 

The  condition  of  bemoglobine,  in  regard  to  its  absorption  of  oxygen, 
has  a  marked  effect  on  its  spectroscopic  characters.  The  spectrum 
with  two  absorption  bands,  aVjove  descril>ed.  ia  that  of  hemoglobino 
which  has  absorbed  all  the  oxygen  which  it  is  capable  of  holding  in 
loo«c  combination.  If  this  oxygen  be  removed,  the  color  of  tbo 
mlutiou  is  modified  and  its  spectrum  changes.  The  coloring  matter 
is  no  longer  oxyhemoglobine,  but  has  become  reduced  hemoglobine ; 
and  its  spectrum,  instead  of  two  absorption  bands,  shows  but  one, 
comparatively  wide  and  ill-defiued,  the  darkest  part  of  which  occupies 
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exactly  the  space  formerly  intervening  between  the  two.  At  the  same 
time  the  dim  borders  of  the  obscured  [tortion  shift  toward  the  left;  so 
that  the  orange  in  the  neighborhood  of  the  line  D  is  less  brilliant  than 
before,  while  nearly  the  whole  of  the  green  becomes  visible  to  the  left. 
of  the  line  E.  The  blue  is  also  extended  a  little  toward  the  right. 
(Fig.  13.  II.) 
The  coloring  matter  of  the  blood  may  be  deprived  of  its  loosely 
ibined  oxygen  by  evacuation  with  the  air-pump,  treatment  with  a 
jDt  of  hydrogen  or  nitrogen,  the  addition  of  deoxidizing  agents,  or 
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hj  k^iing  the  blood  or  it»  solations  protected  from  the  acoesB  of  air. 
Thf;  la>!t  Difrthod  iff  iDOi*t  f-a-rily  applied.  If  a  iwlntion  of  fresh  blood, 
of  a  ^>rii?ht  iscarkt  color,  which  yields  a  spectmm  with  the  abeorption 
tiarid-  of  oxybernoglobine  fully  developed,  be  inclosed  in  a  securely 
^tofiitt*]  tniitrtaitf:,  the  whole  of  which  it  completely  fills,  and  kept  in 
thi-!  ':<^/riditioii  for  twenty-four  or  fony-eieht  hours,  the  hemoglobine  at 
til':  end  of  that  time  will  have  lost  its  surplus  oxygen,  and  if  placed 
i>*:tor*r  the  i'.\f(ti:tTfffi4:f)\Hi,  the  solution  will  show  a  spectmm  with  the 
Au'/V-  a^inorjftion  band  of  reducfKl  hemoglobine.  If  the  test-tube  be 
now  ofKrned,  the  .solution  transferred  to  a  larger  vessel,  and  shaken  up 
for  a  few  second-!  with  atmospheric  air,  its  bright  color  returns,  the 
Hin^le  a^rorption  hand  di>:appears  from  its  spectrum,  and  the  two 
h\n-.'>r\t\uni  bandn  of  oxy hemoglobine  again  become  visible. 

Th"  f*ji«rct.rorcopic  characters  of  hemoglobine  are  of  value  in  showing 
thar  thin  •^ul^iHtance,  as  extracted  in  the  crystalline  form,  is  identical 
with  the  normal  coloring  matter  of  the  fresh  globules.  A  solution  of 
crystallized  hemoglobine  gives  the  same  spectrum  with  solutions  of 
frcrih  blood  or  with  the  dried  globules.  The  blood,  while  still  circulat- 
ing in  the  vessels,  may  also  be  made  to  exhibit  the  same  appearances. 
If  a  sfH,*<rtror^;oiK!  <?ye-piecc  with  two  prisms  be  attached  to  the  body  of 
a  niicrowofic  in  such  a  way  that  two  spectra  may  be  seen  in  the  field, 
one  above  another,  one  formed  by  the  light  coming  through  the  body 
of  th<:  inr*triinient,  the  other  by  that  coming  through  a  lateral  opening 
in  the  eye-piece ;  and  if  the  mesentery  of  a  living  frog  be  placed 
Ftefore  the  objective  of  the  microscope,  while  a  solution  of  human  blood 
is  ]>laced  at  the  lateral  opening,  it  will  be  seen  that  the  absorption  bands 
in  tin;  two  Ki>ectra  correspond  exactly  with  each  other. 

The  hemoglobine  from  different  animals  varies  somewhat  in  the  form 
of  its  crystals,  in  their  degree  of  solubility  in  water,  and,  according 
to  H<'veral  analyses,  in  the  exact  percentage  of  its  constituent  elements. 
IJiit  its  s|M'ctroscopic  characters  are  remarkably  invariable;  and  their 
immediate  connection  with  its  essential  physiological  property,  namely, 
the  absf>r])tion  and  discharge  of  oxygen,  shows  them  to  be  the  most 
ini|><irtant  marks  for  its  identification.  By  this  means  the  existence 
of  hemoglobine  in  th<!  blood-globules  has  been  demonstrated  in  such 
different  animals  as  the  dog,  fox,  cat,  horse,  sheep,  pig,  lion,  cougar, 
lml)oon,  but,  h('(lge-li(»<:-.  mt,  guinea-pig,  squirrel,  mole,  goose,  pigeon, 
lark,  owl,  crow,  lizanl,  pytlion,  tortoise,  frog,  carp,  perch,  herring,  and 
pike.  It  has  been  iliscovered,  in  all,  in  22  species  of  mammalians,  7 
birds,  .')  r<'ptiles,  and  12  fish  ;  and  exists  in  every  species  of  vertebrate 
animal  which  has  been  examined  for  that  purpose.  Even  in  several 
invertebrate  species,  where  the  lilood  is  of  a  red  color,  although  exhibit- 
ing no  distintrt  globules,  it  is  found  to  contain  hemoglobine  in  a  state 
of  solution.  l*rey«'r  fonmi  that  the  red  circulating  fluid  of  the  earth- 
worm, when  examined  by  the  spectroscope,  yields  a  spectrum  with 
two  absorption  bands  identical  with  those  of  human  hemoglobine.     It 


COLORING    MATTERS. 


9T 


elflo  been  diecovered  in  the  blood  of  the  pond-snail,  the  horse-leech, 
the  freiib-water  shrimp. 
^1  Functional  Actiritij  and  Changes  of  Hemoglobine  in  the  Body. — 
MHemog-lobine  is  the  most  active  of  all  the  coloring  naatters  in  the 
^ftMb&al  system.  It  absorbs  oxygen  from  the  uir  iu  the  lungs,  and  thus 
^HB^des  an  incessant  supply  for  the  whole  body.  But  thi^  ab^»o^ptioll 
u  not  a  proccf».s  of  oxidation.  The  oxyhemoglobinc  hold.s  its  oxygen 
io  loose  combination,  and  readily  parts  with  it  in  the  general  tirculu- 
tioD,  returning  to  the  state  of  reduced  hemoglobine  iu  the  venous  blood. 
Each  of  these  two  pro|>erlies  is  cciually  important  with  the  other,  for  it 
is  by  this  means  that  the  oxygen  of  the  lungs  finds  its  way  into  the 
system  at  large. 

A  marked  feature  in  the  chemical  constitution  of  hemoglobine  is  that 
it  coDtAins  iron.  This  fact  is  the  more  important  because  it  is  the  only 
.auco  in  the  animal  body,  excepting  hair,  which  contains  iron  in 
Considerable  amount,  and  Jtecause  iron  its  also  re<juisite  fur  the  for- 
mation of  the  green  coloring  matter  of  plants.  Experiment  has  shown 
that  without  iron  vegetation  cannot  go  on ;  and  there  is  reason  to 
Mieve  that  it  is  equally  essential  to  the  constitution  of  the  animal 
coloring  matter,  and  thus  indirectly  to  the  general  nutrition  of  the 
animal  body.  It  is  prcr^ent  in  hemoglobine,  in  ol!  prolmbilily,  not  in 
the  form  of  a  distinct  oxide,  but  directly  combined,  like  sulphur,  with 
the  carbon,  hydrogen,  nitrogen,  and  oxygen  which  form  the  remainder 
of  its  substance. 

One  thousand  parts  of  hemoglobine  contain  4.2  parts  of  iron  ;  and, 
•ocording  to  the  average  results  obtained  by  different  observers,  henlthy 
btunan  blood  contains,  per  thousand  parts,  123,4  parts  of  hemoglobine, 
[I  and  0.52  parts  of  iron.  The  human  body,  according  to  the  lowest 
authentic  estimate,  contains  8  per  cent,  of  its  weight  of  blood,  which 
would  give,  for  a  man  weighing  65  kilogrammes,  2.71  grammes  of  iron 
in  the  blood  of  the  whole  body. 

The  iron  of  the  hemogloinne  passes  out  by  tVio  bile  and  the  urine, 
both  of  which  contain  traces  of  its  presence.  It  is  alno  contained  in 
4^  hair,  where  it  forms  nearly  t  ptir  cent,  of  the  incombustible  ingre- 
its.  It  is  huppliod  to  the  body  by  ordinary  food,  in  which  it  is 
iKrays  pre^jcnt  in  npprecinble  amount.  Since  hemoglobine  exists  to 
r  lotxie  extent  in  the  muscular  tissue,  it  will  be  present  in  a  more  or  less 
■  iJtered  form,  but  atill  containing  iron,  in  most  kinds  of  animal  food. 
^■^Bording  to  the  analyses  of  Moleschott,  500  grammes  of  beef  (about 
IPp  pound  avoirdupois)  will  contain  0.035  gramme  of  iron ;  and  it  is 
fOQod  in  even  larger  proportion  in  rye,  barley,  oats,  wheat,  pens,  and 
fispecially  in  strawberries.  As  the  quantity  of  this  substance  discharged 
daily  in  the  urine  and  the  bile  is  so  snmll,  we  must  regard  the  greater 
portion  «»f  that  which  par^ses  through  the  sy:^tem  as  used  in  the  growth 
of  the  hair;  and  a  very  moderate  amount  in  the  food  is  sufficient  for 
tile  requirements  of  nutrition. 
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2.  Melanine. 

In  all  the  dark  -colored  tissues  of  the  bod j,  in  the  choroid  coat  of 
the  eye,  the  rete  Malpighi  of  the  skin  in  tl»e  black  and  brown  races, 
and  in  individuals  of  dark  complexion,  in  the  hair,  and  in  the  substance 
of  melauotic  tumors,  there  exists  a  coloring  matter  known  as  melanine. 
Wheu  isolated  or  cotleotod  iti  compnct  manses,  it  is  of  a  very  dark 
blacklbh-brown  coJor ;  but  by  its  mixture,  in  different  proportions,  with 
other  colorless  or  ruddy  semi-transparent  ingredients  of  the  tissues,  it 
may  produce  alt  the  varying  grades  of  hue,  froni  light  yellowish-brown 
Ui  nearly  nV)so!iite  black.  It  is  deposited  in  the  substance  of  cells  in 
the  form  tjf  niiuute  granulcB,  and  is  usually  more  abtindant  in  the 
immediate  neighborhood  of  the  nucleus  than  near  the  edgei*  of  the  celL 
A  substance  regarded  as  melanine  has  also  been  found  by  several 
observers  in  certain  morbid  deposits  under  the  crystalline  form,  espe- 
cially as  flat  rhombic  tablets  with  acute  angles. 

The  elementary  analyses  of  melanine  derived  from  different  sources 
do  not  exactly  correspond  with  each  other,  although  they  approximate 
within  moderate  limits.  As  the  average  result  of  analyses  collected 
by  Hoppe-Seyler,*  it  contains,  freed  from  ashes,  the  following  pro- 
portions, by  weight,  of  carbon,  hydrogen,  nitrogen,  and  oxygen. 

Composition  of  Melamns. 

Cnrbon    .                           54.39 

Hydrogen         . 5.08 

Nitrogen 11,17 

Oxygen 29.86 

100.00 

Bepeated  ol^servatlons  show  that  it  also  contains  iron,  which  has 
been  found  by  Lehmann  in  the  proportion  of  2.5  parts  per  thousand. 

Melanine  is  insoluble  in  water,  alcohol,  ether,  and  solutions  of  the 
organic  and  mineral  acids.  Boiling  solutions  of  potassium  hydrate 
dissolve  it  without  change  of  color,  but  tt.s  color  is  destroyed  by  chlorine. 

Melanine  is  supposed  to  be  produced  by  metamorphosis  from  the 
hemoglobine  of  the  blood.  The  fact  that  it  contains  iron  gives  a 
certain  probability  to  this  view ;  and  it  is  a  repeated  observation  that 
black  or  bluckish  staining  of  the  tissues  sometimes  appears  in  and 
around  old  spots  of  congestion  or  ecchymosis.  It  also  forms  the  prin- 
cipal coloring  matter  of  the  hair,  which  probably  contains  most  of  the 
iron  derived  from  destructive  assimilation  of  the  blood-globules. 


3.  Bilirubine,  CiaH^NjOj. 
The  red  or  orange-red  coloring  matter  of  the  bile.     This  substance 
has  been  designated,  by  different  writers,  under  the  various  names  of 
Bilipbtein,  Bilifulvine,  Hematoidine,  and  Cholepyrrhine.     It  is  formed 


♦Handbuch  der  Physiologisch  und  PathoJogiflch-Chemiscbeii  Annlyee.     Berlin, 
1870,  p.  177. 
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r^ne  liver,  an<l  may  Im"  oxtrmtod  from  its  tissue  in  a  pure  form. 
From  the  liver  cflls  it  is  t^keo  up  by  the  biliary  ductH  and  mingled 
with  the  other  ingredients  of  the  bile.  It  is  crystallizable,  soluble  in 
chloroform,  less  so  in  alcohol,  and  slightly  soluble  in  ether.  It  is  readily 
soluble  in  alkaline  liquids,  but  quite  insoluble  in  pure  water.  In  the 
rrystnllized  form  it  in  red  ;  in  the  amorpbouH  condition,  orange  ;  and  in 
{•olutiou,  reddish-brown  or  yellow,  a<*cording  to  the  degree  of  concen- 
tration. According  to  Hoppo-Seyler,  it  gives  a  perceptible  yellow 
color  when  viewed  in  a  layer  1.5  centinietro  in  tbicknestt,  even  if  dis- 
aolvcd  in  500,000  times  its  weight  of  fluid. 

Solutions  of  bilirubine  exhibit  a  well-marked  reaction  with  nitroso- 
nitric  acid,  known  as  "  Gmelin's  bile  test."  If  such  a  solution  be 
treated  with  a  small  quantity  of  nitric  acid,  tinged  with  nitrous  acid, 

^a  series  of  colons  is  presented  in  the  following  order:  green,  blue, 
violet,  red,  and  finally  a  dingy  yellow,     These  colors  are  produced  by 
tnuisformation  of  the  bilirubine,  and  represent  successive  degrees  of 
te  oxidation.     The  reaction  i.s  a  very  .sensitive  one,  and,  according  to 
■ioppe-Seyler,  will  produce  a  visible  result  in  solutions  containing  only 
one  |>art  in  70,000. 
Bilirubine  is  generally  regarded  as  derived  from  hemoglobine.     The 
reasons  for  this  opinion  are:  First,  its  reddish  color,  somewhat  simi- 
lar to  that  of  diluted  blood.     Secondlj^  it  has  been  found  in  various 
parts  of  the  body,  in  old  bloody  extravasations,  evidently  produced 
from  an  alteration  of  the  blood  upon  the  spot.     When  found  under 
these  circumstances,  it  was  formerly  known  as  hewntoidine.    Thirdly, 
if  the  blood-globules  be  made  to  as.sume  a  liquid  form  by  alternately 
freezing  and  thawing  a  portion  of  freshly  drawn  blood,  and  this  blood 
then  re-injected  into  the  blood-vessels,  the  operation  is  followed  by  a 
I        discbarge  of  bilirubine  in  the  urine.     If  hemoglobine  be,  in  fact,  uor- 
^^    mally  transformed  into  bilirubine,  its  iron  and  sulphur  must  enter  into 
^r    !»ome  other  combination,  as  neither  of  these  elements  exists  in  the 
r       coloriDg  matter  of  the  bile.     Bilirubine,  if  expot^ed  to  the  air  in  alkaline 
'         wlution,  becomes  oxidized  and  assumes  a  green  color,  being  converted 
into  the  following  closely  related  substance,  biliverdine. 

4.  Biliverdine,  C,fiB[»Ni,Oj. 
In  addition  to  bilirubine,  the  bile  contains  a  green  substance,  known 
&s  biliverdine ;  and  the  varying  tint  of  different  specimens  of  bile 
depen«ls  on  the  proportion  in  which  the  two  coloring  matters  are  pres- 
enu  In  man  and  the  carnivorous  and  omnivorous  animals,  the  bile  is 
bronze,  brown,  yellowish,  or  orange,  owing  to  the  presence  of  biliru- 
bine ;  while  in  the  ox,  sheep,  rabbit,  and  vegetable  feeders  generally, 
it  presents  a  strong  green  or  greenish  color,  due  to  the  comparative 
ibandance  of  biliverdine.  Biliverdine  is  insoluble  in  water,  ether,  and 
chloroform,  readily  soluble  in  dilute  alkaline  solutions  and  in  alcohol. 
It  is  also  soluble  in  glacial  acetic  acid,  and  is  deposited  from  the  evap- 
orated solution  in  a  form  of  imperfect  crystallization.     It  is  often 
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found  in  haman  gall  etonee,  and  in  the  dog  is  atmndantly  depoated 
along  the  edgts  of  the  placenta. 

The  »pecirum  of  biliverdiue  b  marked  by  a  \ety  distinct  and  dark 
abaorption  twnd  in  the  red,  at  tbe  eitoation  of  the  line  C.  exteoding 
thenee  to  the  left  toward  the  line  B.  Its  width  increases  with  the 
Uuckoeas  of  the  layer  of  fluid  examined,  and  when  this  exceeds  a  oer- 
ttiu  limit  tbe  whole  of  the  red  disappears.  Tbe  band  rarely  reMbo» 
the  flitaatiou  of  the  line  B,  and  seldom  or  never  pa^«e5  beyond  it,  with, 
out  extinguii»hiog  at  the  game  time  all  the  red  light  of  the  ^pectram. 
In  layers  of  green  bile,  two  or  three  centimetrea  in  thickncaa,  it  b 
qnite  dark,  often  almost  black,  while  the  red  on  each  side  of  it  is  still 
Tery  brilliant. 

As  a  rule,  tbe  intensity  of  the  absorption  band  at  C  is  in  proportion 
to  the  preponderance  of  green  in  the  color  of  the  bile.  Though  easily 
seen,  in  comparatively  thin  layers,  in  specimens  of  a  pure  green  or 
a  decided  preunibh-olivo  color,  it  u  \e^  perceptible  in  those  of  a 
yellowigb,  yellowisb-brown,  or  olive-brown  tint.      Bat  if  a  specimen 

Fig.  14. 
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Btbctbcm  or  Gbekx  iSoKKF'a)  Bile. 

of  reddtph  or  ypllowish-brown  bile,  which  does  not  show  the  bend 
distinctly,  be  turned  green  by  the  addition  of  a  few  drops  of  an  iodine 

lotion,  the  band  at  C  at  once  becomes  visible,  often  to  a  very  marked 
degree.  It  is,  therefore,  no  doubt  the  characteristic  absorption  band 
of  biliverdine.     (Fig.  14.) 

There  are  two  other  abBorption  >)anda  in  the  spectrum  of  bile,  less 
constant  and  much  less  distinct  than  that  at  the  line  C.  One  of  them, 
very  dim  nnd  ill-defined,  is  situated  at  the  junction  of  the  orange  and 
yellow,  iuiniediately  to  the  left  of  the  line  P,  occupying  about  the  last 
third  of  the  space  Ijotween  C  and  D.  The  remaining  band  is  much  nar- 
rower than  either  of  the  others,  but  somewhat  more  distinct  than  the 
second.  It  is  situated  in  the  yellow,  at  about  one-third  the  distance 
between  D  and  E.  The  last  two  bande*  are  more  frequently  visible  in 
sheep's  bile  than  in  that  of  other  animals;  but  all  three  may  be  some- 
times seen  in  a  watery  solution  of  desiccated  ox-bile,  which  has  been 
kept,  in  the  form  of  a  dry  powder,  for  several  years. 

The  siK-elrum  of  bile  also  exhibits  a  remarkable  diminution  in 
intensity  of  the  orange  and  yellow  colort*.    The  situation  of  tbe  second 
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nbsorption  band,  at  the  junction  of  these  coIor8,  will  account  for  a  part 
of  this  diminution  ;  but  th»»  spt'ctrum  is  also  very  dim  in  the  space 
between  the  seronfl  niid  third  absorption  bands,  where  th(*  normal 
tpectruiu  of  skjlar  light  is  brightest.  This  is  the  place  naturally  occu- 
pied by  ycUow,  but  in  the  great  majority  of  cases,  in  the  spectrum  of 
bile,  there  is  no  pure  yellow  perceptible,  and  but  little  or  no  orange. 
The  situation  of  these  two  colors  i«  encroached  upon  by  the  red  and 
green  respectively ;  and  in  not  a  few  insitauces,  as  the  spectrum  termi- 
nates lH>fore  the  commencement  of  the  blue,  the  only  colors  really  per- 
ceptible in  it  are  red  and  green.  The  line  C  in  the  normal  spectrum 
18  situated  at  the  junction  of  the  red  and  orang^,  and  yet  the  principal 
abisorption  band  at  this  point,  when  viewed  in  the  spectrum  of  bile, 
appears  to  be  situated  entirely  in  the  red,  owing  to  this  color  taking 
the  place  of  the  orange  on  the  right  of  the  line  C  This  peculiarity 
itbows  itself  in  the  spectrum  of  bile,  whether  the  color  of  the  specimen 
he  greenish  or  yellowish-brown. 

There  is  another  spcctro.scopie  feature  in  bile,  due  to  its  containing 
more  or  less  of  two  different  coloring  matters. 

If  u  tolerably  thick  layer  of  bile  he  placed  before  the  spectroscope, 
and  the  slit  of  the  instrument  gradually  opened,  the  first  light  which 
appears  in  the  spectrum  is  usually  a  green  light,  in  the  latter  half  of 
the  space  between  D  and  E.  On  continuing  to  increase  the  size  of  the 
opening,  if  the  bile  be  deeply  colored,  the  next  to  appear  is  a  red  light, 
at  the  extreme  end  of  the  spectrum  between  A  and  B ;  in  less  concen- 
trated specimens  the  red  light  may  show  itself  simultaneously  on  both 
•tides  of  the  absorption  band  at  C.  Afterward  the  green  light  extends 
further  toward  the  left  until  the  spectrum  is  complete.  The  order  in 
which  these  appearances  follow  each  other  depends  upon  the  relative 
quantity  of  bilirubine  or  biliverdine. 

There  is  reason  to  believe  that  biliverdine  is  forme<l  from  bilirubine 
by  a  process  of  hydration  and  oxidation,  the  elements  of  water  entering 
at  the  same  time  into  combination.  The  nature  of  this  change  is  shown 
by  the  following  formula: 

Bilirubine.  BilircnUne. 

c„n,*N,o,  4-  n^o  -f  o  =  ciuna. 

The  prompt  conversion  of  the  color  of  ruddy  or  reddish-brown  bile 
iato  green  by  the  action  of  various  oxidizing  agents,  or  even  by  ex- 
posure to  the  air,  and  the  evident  chemical  relationship  between  the 
two  substances,  leave  no  doubt  that  this  is  the  origin  of  biliverdine. 
Both  bilirubine  and  biliverdine  are  di.seharged  with  the  bile  into  the 
alimeutary  canal,  where  they  become  undistinguisbable  toward  the 
lower  end  of  the  small  inte3tiji»\  Beyond  that  point  they  are  replaced 
by  the  brown  coloring  matter  of  the  feces,  and  are  finally  discharged 
firom  the  body  under  this  form. 

5.  Uroohrome. 
The  coloring  matter  of  the  urine  has  been  repeatedly  studied,  but 
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thus  far  \rith  only  partml  succesB.  The  substances  which  have  heen 
extracted  frcuii  the  urine  hy  various  methods,  as  representinja^j  more  or 
lesd  exactly,  its  oalurul  coloring-  matter,  are  known  by  the  names  of 
"Uroehrome,  Urosine,  Urosacine,  llemaphflcino,  Urohematine,  Uroxan- 
thine,  Urohiline,  and  Uydrobilirubitie.  Most  of  them  are  probably 
modifications  of  the  same  substance,  variously  altered  by  the  methods 
of  extraction,  or  obtained  in  different  grades!  of  purity.  The  fresh, 
normal  urine  has  a  light  yellowish  or  aml>t>r  color,  while  Epecimens  of 
unusually  high  specific  gravity,  and  particularly  specimens  of  febrile 
urine,  often  exhibit  a  distinct  reddish  hue.  Normal  urine,  which,  when 
fresh,  is  only  a ni b(  r -colored,  will  often  acfjuirc,  by  exposure  to  the  air, 
a  tinge  of  rod.  The  substance  obtained  by  Thudichura,*  and  called  by 
him  uroehrome,  is  precipitable  from  the  urine  by  various  metallic  salts. 
It  has  not  yet  been  produced  in  a  crystullhve  form.  It  is  soluble  in 
water  and  in  ether,  hut  only  slightly  soluble  in  nlcubol.  Its  watery 
solution  has  a  yellowish  color,  which,  on  standing,  becomes  red, 
Urohematine  (Harley)  is  nitrogenous  in  composition,  and  contains 
iron.f  It  is  insoluble  in  pure  water,  but  solulile  in  the  fresh  urine,  as 
well  fts  in  ether,  chloroform,  and  alcohol.  The  substance  tcrnu'd  Uro- 
hiline  ( Jafft^)  was  so  named  to  indicate  its  derivation  from  the  coloring 
matter  of  the  bile.  It  is  identical  with  hydrobiliruhine  (Maly), 
which  is  produced  fi*om  biliruhine  by  hydration  and  deoxidation  by 
nu-aus  of  sodium-amalgam.  The  change  which  takes  place  in  this 
process  is  as  follows : 

Bilinibkie.  I  robiliiie. 

2(0«n«N,O,)  +   2(11,0)— 0  =  C„1I«N,0,. 

Urobiline  is  soluble  in  alcohol,  ether,  and  chloroform.  Its  solntions 
have  a  browuish-ycllow  color,  and,  by  dilution,  become  first  j'ellow, 
and  lastly  faint  rosy-red.  It  was  found  by  JafTi'l  in  many  cases  in 
human  urine,  where  it  was  recognized,  after  partial  extraction  and 
purification,  by  its  spectroscopic  properties ;  showing  an  absorption 
band  at  the  junction  of  the  green  and  the  blue,  between  the  lines  K 
and  P.  But  the  same  observer  found  that  fresh  urine,  not  subjected  to 
chemical  manipulation,  would  often  present  no  iudicHtion  of  urobiline. 
If  secluded  from  the  atmosphere,  it  would  reuuiin  light-colored ;  but  if 
exposed  to  the  air  from  two  to  twelve  hours,  it  would  become  darker 
in  hue,  aud  at  the  same  time  would  show,  by  the  spectroscope,  signs 
of  urobiline.  This  substance  consequently  is  not  now  regarded  as  the 
normal  coloring  matter  of  the  urine,  but  as  a  product  of  its  alteration. 

It  is  evident,  however,  that  the  urine  contains  a  coloring  matter, 
derived  in  all  probability  from  the  bile,  wliicli  pives  to  it  its  well-known 
amber  tint.  This  substance  is  liable  to  be  changed  under  the  influence 
of  oxidation,  and  to  assume  in  that  condition  a  more  or  less  distinctly 


*Brilii«h  Medical  Journal,     London,  Nov.  6,  1864. 

t Harley,  The  Uriiit;  luid  its  DerniigemMite.     Pliiladelpliia,  1872,  p.  07. 

^  Arcblv  fur  pnthologische  Anatomie  utui  Phytiiulogie,  1869,  Band  zlvli.,  p.  405. 
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red  color.  Such  a  modification  certainly  takes  place  outside  the  body, 
and  it  may  also  occur  within  the  system,  g^iviug  rise  to  the  varying 
proportions  of  red  Lq  the  color  of  the  urine  under  different  healthy  and 
diseaaed  ooaditions. 

6.  CMorophylle. 
This  is  the  green  coloring  matter  of  plants.  It  is  more  widely 
diffused  than  any  other  colorinjc;  matter  in  the  voji^C'table  world,  and  it 
apparently  constitutes  the  coloring  principle  of  all  the  green  parts  of 
the  higher  plants  without  excf  ption.  It  has  been  obtained  by  Oautier* 
in  the  crystalline  form,  as  flattened,  isolated,  or  radiating  needles,  of  u 
softisli  consistency  and  an  intensely  green  color;  afterward,  by  ex- 
posure to  light,  they  become  yellowish-green,  then  brownish-green, 
and  aro  lastly  decolorized.     Its  composition  is  as  follows: 

COMPOSITIOK   OF   GULOBOPUTLLE. 

Oftfbou  .  78.97 

Hydrogen  9.80 

Nitrogen 4.15 

Oxygen 10.33 

Ash         .        .  1.75 

100.00 

Its  incombustible  residue  consists  mainly  of  alkaline  phosphates. 
It  is  completely  destitute  of  iron. 
The  similarity  of  chlorophylle  to  biliverdine,  fully  recognized  by 

Fio.  15. 


Bpsctkum  of  CHi.0KOPim.iK  in  Auxttmwc  BoixmOM. 


Gftotier  in  regard  to  some  of  its  chemical  reactions,  is  very  strongly 
rked  in  its  sjiectroscopic  characters.  The  principal  absorption 
id  in  the  spectra  of  these  two  substances  is  identical  in  position 
•od  appearance.  It  is  the  dark  band  situated  in  the  red,  extending 
from  the  line  C  toward  B.  (Fig.  15.)  In  an  alcoholic  solution  of 
chlorophylle,  extracted  from  green  grass  or  leaves*,  there  are  three 
additional  bands,  less  prominent  than  the  former,  and  differing  from 
those  of  bile.     One  of  these  additional  bands  is  placed  at  the  edge  of 


*Compie8  Rendus  de  V  Acad^mie  des  Sciences, 
p.  861. 


Parifl,  1879.   Tom.  Izzxix., 
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the  orange,  between  C  and  D  ;  another  at  the  beginning  of  the  green, 
on  the  left  of  E  ;  and  a  third,  wider  than  the  others,  but  very  faint  and 
ill-defined,  at  the  termination  of  the  green,  between  E  and  F.  In  the 
spectrum  of  ehlorophylle,  the  yellow  of  the  spectrum  appears  in  its 
proper  place  and  with  nearly  its  natural  hue.  The  light,  idso,  extends 
beyond  the  green,  throughout  the  blue,  and  a  little  into  the  com- 
mencement of  the  indigo. 

ehlorophylle  is  of  the  first  importance  in  vegetable  physiology,  as  it 
is  under  the  influence  of  this  substance,  and  that  of  the  solar  light, 
that  the  inorganic  ingredients  of  the  soil  and  the  atmosphere  are 
deoxidized  and  combined  to  form  a  carbo-hydrate.  The  process  of 
vegetation  proper,  that  is,  the  production  and  accumulation  of  organic 
material  in  the  form  of  starch,  sugar,  cellulose,  and  the  substance 
of  various  vegetable  tissues,  is  inseparably  dependent  on  the  action  of 
ehlorophylle.  But  to  produce  this  effect,  the  ehlorophylle  must  con- 
stitute a  part  of  the  living  vegetable  cell.  The  coloring  matter  alone, 
extracted  from  the  chlorophylle-holding  cells,  and  placed  under  all  other 
conditions,  such  as  air,  sunlight,  warmth,  and  moisture,  known  to  be 
essential  to  the  work  of  production,  is  incapable  of  forming  organic 
matter  out  of  water  and  carbonic  acid.  Its  function  is  not  that  of  a 
simple  chemical  reagent,  but  that  of  an  active  constituent  of  the  living 
organism. 

ehlorophylle  is  produced,  in  the  interior  of  the  vegetable  cell,  some- 
times as  a  uniformly  diffused  mass.  Usually,  however,  it  is  deposited 
in  rounded  grains,  frequently  arranged  in  definite  figures  or  patterns 
within  the  cell.  It  may  be  extracted  by  alcohol  or  ether,  and  retains 
its  green  color  wh^i  in  solution  in  these  substances.  It  disappears 
previously  to  the  shedding  of  the  leaves,  when  they  cease  the  act  of 
vegetation,  and  is  osualiy  replaced  by  grains  of  a  red  or  yellowish 
color. 


CHAPTER    VI. 
CRYSTALLIZ  AJi  L  E   NirROGENOUS   MATTERS. 

THE  fifth  and  lost  group  of  ho<Uly  ingredientH  consists  of  a  number 
of  colorless  substatiees,  which  resemhle  the  nlhumpnnida  in  con- 
taining nitrogen,  but  (lifTcr  from  them  iu  IxinL'  crv^tallizaUle.  Man}' 
of  tbem  are  evidently  derived  from  the  albuniencddy  by  retrograde 
metamorphosi:*,  being  discharged  from  the  system  as  products  of  excre- 
tion. Others  do  nol  exhibit  this  eharacter,  and  are  found  only  in  the 
permanent  tissue*!  or  the  internal  fluids.  Several  of  them,  though 
undoubtedly  of  importance  in  the  coni»titution  of  the  body,  are  still 
obscure  in  their  physiological  relations! 

1.  Lecithine,  C^HaoNPO,, 

From  Acxt^,  the  yolk  of  eg^,  in  which  substance  it  was  first  discovered, 
Lecithine  was  formerly  described  under  the  name  of  phospkorized  fat, 
owing  to  the  cireunistunce  that  one  nf  the  prodnctt*  of  it8  decomposition 
is  pLosphoglyceric  acid  (rjIuPOf).  It  is  not,  however,  a  fatty  sub- 
stance, &ince  it  contains  nitrogen,  and  otherwise  differs  from  the  fats^ 
As  mingled  or  combined  with  other  animal  matters,  it  has  also  been 
known  by  the  name  of  "protagon."  Lecithine  is  of  very  wide  dis- 
tribution in  \H>[h  the  animal  and  vegetable  kingdoms,  occurring  in  the 
cereal  grains  and  leguminous  seeds,  and,  according  to  Hoppe-Seyler, 
in  the  cellular  juices  of  a  variety  of  plants.  It  is  found  in  the  blood, 
both  in  the  plasma  and  the  globules,  in  the  bile,  the  spermatic  fluid, 
the  yolk  of  egg,  and  particularly  iu  the  brain,  spinal  cord,  and  nerve». 
Iu  the  plasma  of  the  blood,  it  is  iti  the  proportion  of  0.4  part  per 
thousand,  and  in  the  fresh  substance  of  the  calfV  brain,  according  to 
Ite  analyses  of  Petrowsky,*  in  the  proportion  of  31  parts  per  thousand, 
taking  into  account  the  watery  ingredients  of  the  brain,  lecithine  is 
)ut  equally  abundant  in  the  white  and  gray  substuuce;  but  of  the 
isolid  matters  alone,  it  constitutes  a  little  less  than  10  per  cent,  in  the 
white  substance,  and  rather  more  than  17  per  cent,  in  the  gray 
substance, 

Lecithine  obtained  from  either  of  these  sources  is  an  indistinctly 
cn'stallizablo  sul>stanee,  of  waxy  consi.steuey,  liquefying  at  a  gentle 
heat,  readily  soluble  in  alcohol,  less  so  ia  ether,  and  to  some  extent  in 
chloroform  and  the  fatty  oils.  If  treated  with  water,  it  swells  into 
a  pasty  masy  without  dissolving,  and  gives  origin,  under  the  niicro- 
acope,  to  the  appearances  known  as  "  myeline  forms ; "  that  is,  a  great 


*  Axclxiv  fiir  die  gesammte  PbyHiologie.     Bonn,  1873,  Band  vU.,  p.  101. 
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variety  of  niueilaffinouK  or  oily  looking  dropti  and  filaments,  of  double 
contour,  which  cxudo  from  the  edges  of  the  mass,  and  remain  separate 
and  insoluble  ;  resembling  the  microscopic  formi*  produced  under  simi- 
lar circumstances  from  the  "  myelino,"  or  medullary  layer  of  nerve 
fibrea.  It  is  readily  decompcsed  on  standing,  either  in  Bolutiou  or  in  a 
state  of  watery  imbibition,  acquiring  an  acid  reaction.  Decomposition 
in  also  effected  by  acid.s  or  alkalies.  By  boiling  with  baryta-water 
it  Bufifers  a  characteristic  alteration,  giving  rise  to  the  production  of 
two  new  bodies ;  namely,  a  Ditrogenous  alkaline  Bubstancc  and  phot^ 
phoglyceric  acid. 

As  to  the  physiological  character  or  significance  of  Iccithine  we  are 
entirely  in  the  dark,  except  in  one  respect.  It  is  the  only  organic 
combination  in  the  body  containing  phosphorus.  Considering  the 
many  articles  of  food  in  which  it  is  an  ingredieit,  it  must  be  intro> 
duced,  in  no  small  quantity,  with  the  nutriment;  and  it  certainly  exists 
abundantly  in  the  substance  of  the  nerves  and  nervous  centres.  But  as 
no  known  organic  combination  of  phosphorus  is  discharged  with  the 
excretions,  this  substance  must  pass  out  of  the  body  as  part  i>f  the 
phosphates  in  the  urine  and  the  per.»tpiration.  On  this  account,  together 
with  the  fact  of  the  constant  consumption  of  oxygen  by  the  animal 
body,  it  is  believed  that  the  phosphorus,  introduced  as  an  ingredient  of 
organic  materials,  is  converted  in  the  system  into  phosphoric  acid,  and 
appears  finally  under  the  form  of  phosphatic  salts. 

2.  Cerebrine,  C^HmNOj. 

As  its  name  indicates,  this  is  an  ingredient  of  the  brain  and  nerves, 
the  only  partes  of  the  body  in  which  it  is  known  to  exist.  Although  not 
yet  obtained  in  a  crystalline  form,  it  is  placed  among  the  members  of 
this  group  Ijecause  it  resembles  them  in  its  general  features  of  chemical 
compo.sitiou,  particularly  in  its  small  proportion  of  nitrogen,  and  also 
in  certain  reactions,  which  are  entirely  dis.siuiilar  to  those  of  an  albu- 
minoas  matter. 

Cerebrine  is  insoluble  in  water,  but  if  treated  with  boiling  water  it 
swells,  softens,  and  yields  an  emulsion.  It  is  insoluble  in  cold  alcohol 
«nd  ether,  but  soluble  in  boiling  alcohol  and  rther,  from  which  it  is 
afain  deposited  on  cooling.  Boiling  wi(h  bnryta-water  decomposes  it 
^wlv  and  incompletely,  and  does  not  produce  phosphoglyceric  acid, 
^  o'rebriue  contains  no  phosphorus.  If  strongly  heated  in  the  air,  it 
turns  brown,  melts,  and  finally  burns  with  a  bright  flame. 

It  is  much  more  abundant  in  the  while  than  in  the  gray  substance 
«f  tkit  Imin,  forming,  according  to  Fetrowsky,  iu  the  solid  ingredients 
^  1^  white  substance  9.5  per  cent.,  in  those  of  the  gray  substance 
^^M|^  wore  thau  0.5  per  cent.  It  is  undoubtedly  a  constituent  of 
^  ■oAlllin'  l»ver  of  nerve  fibres,  but  nothing  is  known  of  its  origin^ 
or  physiological  activity. 
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3.  Lencine,  (\,H,3N0j. 

So  called  from  the  glistfning  snow-white  color  of  its  crystals,  which 
are  in  the  form  either  of  thin  scaly  plates  or  of  radiating  needles.  It 
is  soluble  in  water,  less  so  in  alcohol,  ond  insoluble  in  ether.  Heated 
alowly  to  110°  C.  it  volatilizes  uncbanjred.  At.  higher  temperatures 
it  ifi  decompoHcd,  giving  rise,  among  other  products,  to  carbonic  acid 
and  water.  Leucine  has  been  extracted  from  the  pancreas  and  the 
pancreatic  juice,  the  spleen,  thymus,  thyroid,  lymphatic,  parotid,  and 
eubmaxillary  glands,  the  liver,  kidney.*^,  and  supra-renal  capsules.  The 
pancre!as  and  pancreatic  juice  are  the  only  situatioui^  in  which  it  has 
been  found  in  abundance ;  elaewherc  it  is  ift  very  small  quantity,  though 
it5  exact  proportions  have  not  been  determined.  It  does  not  occur  in 
the  blood  in  a  .state  of  health,  and  has  been  found  in  the  urine  only  in 
certain  eases  of  disease. 

It  api^eors  as  one  of  the  results  of  the  artificial  decomposition  of 
albnminou.-!  matters,  by  the  action  of  acid;*  or  alkalies,  and  also  in  the 
ordinary  putrefaction  of  the.«e  substances.  It  is  ofton  found  among  the 
products  of  artificial  digestion  of  albumenoid  -substances  by  the  trypsine 
ferment  of  the  pancreas  and  panereafic  juice ;  but  it  is  doubtful  whether 
any  Importance  should  be  attril>uted  to  it  in  this  respect,  since  its 
quantity  in  the  int^-stine,  during  normal  digestion,  is  found  hy  Schntidt- 
Mulheim*  to  be  quite  insignificant. 

Physiologists  generally  agree  in  considering  leucine,  in  the  living 
body,  as  derived  from  albumenoid  substances  in  the  aet  of  retrogressive 
metamorphosis.  It  has  never  been  obtained  artificially  from  any  other 
source  than  albumenoid  matters;  and  its  ready  production  from  these 
Bnbetances,  as  well  as  the  analogies  of  its  chemical  composition,  leave 
hardly  a  doubt  on  this  point.  But  as  it  does  not  appear  normally, 
either  in  the  blood  or  in  the  urine,  it  must  be  regarded  only  as  a  stage 
of  transition,  through  which  the  nitrogenoas  matters  pass  before  being 
finally  converted  into  the  products  of  excretion. 


4.  Tyrorine,  C.Hi,NO,. 

This  substance  occurs  in  the  body  only  in  company  with  leucine, 
usually  in  much  smaller  quantity ;  and  it  also  appears  with  leucine  in 
the  products  of  artificial  decompusition,  digestion,  and  putrefaction  of 
>unienoid  matters.  It  was  so  named  from  having  been  early  found 
ftu  Ingredient  in  old  cheese  (rvpoj).  When  pure  it  is  in  the  form  of 
^icular  crystals,  nearly  insoluble  in  cold  water,  readily  soluble  in 
boiling  water,  in.solublr  in  alcuhol  and  ether.  It  is  regarded  as  simi- 
Ur  to  leucine  in  its  physiological  relations,  and  as  forming,  like  that 
Bnbetance,  an  Intermediate  step  in  the  destructive  assimilation  of 
albumenoid  matters. 


*  Archiv  fQr  Anatomie  uncJ  PhjHiolope,     Leipzig,  1879,  p.  39. 
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6.  Sodium  Olycocholate,  CMH^.NOaNa. 

This  and  the  following  substance  are  the  characteristic  ingredients 
of  the  bile.  Like  the  two  coloring  matters  of  this  secretion,  they  are 
mingled  in  various  proportions,  either  the  one  or  the  other  preponder- 
ating in  different  specitiiens,  or  in  the  bile  of  different  animals. 
Together  they  are  designated  as  the  "  biliary  salts." 

Sodium  glycocholate  is  a  saline  body,  consisting  of  a  nitrogenona, 
organic  acid,  glycocholic  acid  (C^HuNO,)  in  combination  with  sodit 
Glyeocholic  acid  is  so  called  becau.se  by  boiling  with  potassium  hydrat 
or  baryta-water,  or  by  continued  boiling  with  dilute  hydrochloric 
sulphuric  acids,  it  is  decomposed  with  the  production  of  two   new 
bodies,  namely,  glifcinc.  (CJI^NO,,),  a  nitrogenous  neutral  substance, 
and  cholic  acid  (r„HtoO^),  a  non-nitrogenous  organic  acid,  so  called 
because  peculiar  to  the  bile.     This  ehaugc  takes  place  with  the  assump- 
tion of  the  elements  of  water,  as  follows : 

Glycocholic  »cid.  Glycine.  Cholic  acid. 

C„H«N'U,  +  H.O  =  i\II,NO,  +  0„H«O,. 

Sodium  glycocholate  is  a  neutral  crystallizable  substance,  very 
soluble  in  water  and  in  alcohol,  insoluble  in  ether.  It  is  extracted 
from  the  bile  as  follows;  The  bile  is  evaporated  to  dryness  over  the 
water-bath,  the  dry  residue  extracted  with  absolute  alcohol^  the 
alcoholic  solution  decolorized  with  animal  charcoal,  and  then  mixed 

with  from  8  to  10  times  its  vol- 
*''^*-  ''*•  ume  of  ether.     A  whitish  pre- 

cipitate is  thrown  down,  which 
collects  in  drops  and  masses,  of 
a  consistency  like  that  of  Canac 
balsam,  whence  the  biliary  sail 
are  sometimes  termed  the  "  ri 
inous  "  matters  of  the  bile.  In' 
the  courtie  of  24  hours,  some- 
times only  after  four  or  6ve 
days,  the  sodium  glycocholate 
crystalliKPB  in  hemispherical  or 
star-shaped  masses  of  fine  radi- 
ating needles.  The  crystals 
may  be  preserved  indefinitely 
in  the  mixture  of  alcohol  and 
ether;  but  if  the  liquid  be  poured 
off,  the  cold  produced  by  evap- 
oration causes  a  condensation 
of  atmospheric  moisture  and  a 
rapid  solution  of  the  crystals,  which  liquefy  into  transparent,  rounded, 
oleaginous-looking  drops.  The  solubility  of  these  drops  in  water  and 
their  insolubility  in  ether  will  distinguish  them  from  oil  globules,™ 
which  they  closely  resemhlt-  in  their  optical  properties.  Sodium  gly-^ 
cocholate  may  be  precipitated  from  its  watery  solution  by  both  the 


BODnm    GLYC<HU'tLATE  PKOM    OX-BIIK,  afUT    IWO 

days' crj'"ta"l«»tii>o.  At  IIk'Iowit  pari  f.r»h<' fii;- 
are  the  cryntals are nieltliif?  into  drup*.  fr«jra  evai>- 
ormtloD  or  the  ether  and  abaorptioo  ot  tnniiiture. 
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npntral  and  tribasic  lead  acetates.     Its  alcoholic  solution  rotates  the 
plaDC  of  polarization  toward  the  rigrht  25.7^. 

6.  Sodimn  Taurooholate,  CaH^^NSO^Na. 

This  sobetance,  the  second  characteristic  ingredient  of  the  bile,  is 
similar  in  many  respects^  to  the  fore^foing.  Its  orsranic  acid,  tauro- 
eholic  acid  (CrtH4£,N807),  is  distinfj-uished  by  containinj?  an  atom  of 
BuIpbuT,  owiniar  perhaps  to  its  derivation  from  albuminous  matt^^rs. 
If  Ro,  glvcocholic  acid  must  represent  a  product  of  fiirthrr  alteration, 
in  which  sulphur,  hydrogen,  nnd  oxygen  are  given  up  in  nnvh  pro- 
portions that  the  products  of  elimination  are  water  and  .sulphur,  as 
follows : 

T»uroeho!lc  acid.  (Hycocholic  ftcld. 

C»lI«NSO,  —  n,0  —  S  =  C:*1I«N0,. 

By  boiling  with  dilute  acids  or  alkalies,  or  even  with  water,  as  well 
as  under  the  influence  of  putrefaction,  tauroeholic  acid  is  decomposed 
with  the  formation  of  two  other  bodies,  nnmely,  taurine  (C,H,NSOj), 
a  neutral  nitrogenous  substance,  containing  the  sulphur,  so  called 
heeaose  first  discovered  in  bullock's  bile,  and  cholic  acid  (C.,.,Hw05), 
the  same  body  produced  by  a  similar  process  from  glycocholic  acid. 
The  change  takes  place  with  the  as-^^umption  of  the  elements  of  water, 
as  follows : 

TftQTochoIlc  KCid.  Taurine.  Cbolic  acid, 

CJTuNSO,  4-  H.0  =  C,1I,NS0,  4-  C^IUO,. 
Sodium  taurocholate,  like  the  preceding  salt,  is  soluble  in  water 
and  in  alcohol,  and  inso!u}»le  in  ether.  It  is  extracted  from  the  bile 
by  a  process  similar  to  that  already  described,  and,  after  precipita- 
tion by  ether,  crystallizes  in  slender  needles,  much  like  those  of  the 
glycocholate.  It  may  be  distingui.slicd  from  the  last-named  sub.>5tnnce 
by  its  reaction  with  the  salts  of  lead,  not  Iw-ing  precipitated  from  its 
watery  solution  by  the  neutral,  but  only  by  the  tri basic  acetate.  If 
ratery  solution,  therefore,  containing  both  biliary  salts  bo  predpi- 
>iy  neutral  lend  acetate,  the  filtered  fluid  will  contain  the  tauro- 
'cholat«  alone.  In  alcoholic  solution  it  rotates  the  plane  of  polarization 
toward  the  right  24.5-.  With  the  exception  of  glucose,  lactose  and 
glycogen,  the  biliary  salts  are  the  only  substances  known  in  the  animal 
body  which  exert  a  right-handed  rotation  on  polarized  light. 

The  proportion  in  <|uantity  of  the  two  biliary  salts  varies  somewhat 
IB  different  cases.  Generally  the  glycocholat*  may  be  said  to  prepon- 
derate in  the  bile  of  ruminant  auimals,  taurocholate  in  that  of  the 
caroivora.  In  dog's  and  cat's  l>ile,  the  taurocholate  exists  alone.  In 
human  bile  both  substances  may  be  present,  sometimes  one  being  more 
{ Abundant,  sometimes  the  other;  according  to  some  writers  the  tauro- 
|cbolate  existing  alone  or  in  larger  proportion  (Gorup-Besanez,  HopjH;- 
Scyler,  Robin,  Hardy),  according  to  others  the  glycocholate  (Bi-schofi", 
[I^oesen,  Ranke).     In  the  observations  of  Jacobscn,'*'  on  a  case  of  biliary 
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fistula  in  man,  the  glycocholnte  was  shown  to  he  a  constant  inpTedient,| 
while  the  taurocholal"'  was  cithrT  ahsoiit  or  variable  in  quantity.     Wi 
have  also  found  human  bilo  \o  contain  the  glycocbolat«  without  tl 
taurochokte. 

The  biliary  saltB  are  formed  in  the  tiBSue  of  the  liver,  and  ar 
thence  dischnr^'ed  with  the  bil<'.     Thoy  are  derived,  in  the  opinion  ol 
most  physioiog-iHts,  from  a  tranHforniation  of  albuminous  matters, 
indicated  by  the  nitrogen  and  Hulpbiir  which  thry  contain.     Aceordinjj 
to  the  observations  of  Ranke  on  a  patient  with  biliary  fi^itula,  the  aver^^ 
ftge  quantity  of  the  org-anic  acids  of  tlw  bile  thus  produced,  in  a  man 
Wfiy-hiuir  fi5  kilogrammes,  would  be  a  little  over  15  jframmes  per  day. 
Although  a  ymall  amount  has  been  found  by  Hoppe-Seyler  in  the  fecc 
this  npjwars  to  be  much  less  than  the  total  quantity  produced  in 
liver  fur  a  corresponding-  time.     Similar  observations  on  animals  havi 
also  shown  that  the  main  part  of  the  biliary  salts  are  not  dischar^ 
with  the  feces,  but  are  changed  in  the  intestine,  and,  probably,  real 
sorbed  under  another  form  by  the  blood. 

PetU'nkofer''n  Tent  for  the  Biliarif  Salta. — The  biliary  salts,  wbc 
in  considerable  (juautity,   nuiy  be  recoR'nized  by   their   solubility  in' 
water  and  in  absolute  alcohol,  their  inholubiiity  in  ether,  their  form 
of  crystallization,  and  their  reaction  with  the  salts  of  lead.     When 
present  in  small  proportion  they  are  detected  by  Pettenkofer's  t«st, 
which  consists  in   the  production  of  a  red  color,  chauging  to  purple 
or  violet,  on  the  udditiifn  of  cane  sugar  and  sulphuric  acid.     The  test 
18  applied  in  tlio  fullowitig  way  :  One  part  of  cane  sugar  is  dissolved^— 
in  four  parts  of  water.     Of  this  liquid,  one  drop  is  added  to  each  cubn^f 
centimetre  of  the  solution  of  biliary  salts.     On  treating  the  mixture 
with  a  few  drops  of  pure  sulphni'ie  aeid,  the  biliary  acids  are  deeom- 
posed,  forming;  cholic  acid.     If  the  biliary  salts  be  present  in  a  propor- 
tion of  not  more  than  one  part  in  500,  the  solution  remains  clear:  if 
in  larger  quantity,  the  cholic  acid  is  precipitated,  forming  a  whitish 
turbidity.    This  turbidity  is  again  cleared  up  ou  the  continued  addition 
of  sulphuric  acid ;  and  in  the  course  of  a  few  minutes  a  cherry -red 
color  appears,  changing  rapidly  to  a  violet,  and  subsequently,  if  the 
biliary  salts  be  present  in  the  proportion  of  one  part  in  500  or  over,^H 
to  a  deep  rich  purpSe.     In  very  dilute  solutions,  the  violet  or  pur|jla^| 
color  may  not  be  distinctly  visible  before  the  end  of  an  hour. 

The  precautions   required  in  the   use  of  this  test  are  as  follows: 
First,  the  liquid  to  be  examined  should  be  free  from  other  organic  sub- 
stances, particnlorh'  albuminous  and  coloring  matters.     For  this  purpose, 
it  should  be  evnporatt^d   to   dryness,  thr*  dry  residue  extracted  with^ 
absolute  alcohol,  the  alcoholic  solution  decolorized,  if  necessary,  witl^| 
animal  charcoal,  thou  precipitated  with  ether  in  excess,  and  the  ethef^ 
precipitate  dis.solved  in  water.     This  gives  a  clear,  colorless  solution, 
free  from  organic  contamination.     Secondly,  as  the  solution  l)ecome8 
heated   by  the  lil>eral   otlmixture  of  sulphuric  acid,  its   temperature 
should  not  l>e  allowed  to  rise  above  T0°  C,  nor  to  fall  much  below  this 
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point.  For  that  purpoHO,  the  test-tubp  may  he  cooled  by  occasionally 
injiiitTsing  it  in  cold  water.  Thirdly,  the  addition  of  sulphuric  acid 
iibould  be  uadc  slowly,  and  should  be  stopped  as  soon  as  a  red  tint 
begins  to  show  itself,  the  mixture  being  left  at  rest  until  the  violet 
and  purple  colors  are  developed. 

There  arc  various  other  substances  which  yield  a  red,  violet,  or 
pur])le  color,  when  treated  with  sugar  and  suli»hurie  acid.  Among 
these  are  okine,  oleic  acid,  ethereal  oil,  amyl-alcohol,  albumintius 
matters,  and  the  salts  of  morphine  and  codeine.  Albumen  of  the 
blood,  white  of  egg,  and  the  opium  alkaloids  in  the  proportion  of  ten 
ts  [nyr  thousand,  if  treal?ed  with  Pettenkol'er's  test,  all  ])roduce  a 
>Ior  undi.«4tiugui.>?hable  from  that  obtained  with  the  biliary  .salts. 
These  substances,  however,  with  the  exception  of  morphine,  may  all 
be  excluded  by  previously  treating  the  fluid  as  above  described ;  namely, 
evaporating  to  dryness,  extracting  with  alcohol,  precipitating  with  ether, 
and  dissolving  the  precipitate  in  water.  The  salts  of  morphine  might 
still  remain,  as  they  are  soluble  both  in  water  and  in  alcohol,  and  may 
be  precipitated  by  ether  from  their  alcoholic  solution.  This  substance, 
however,  is  very  unlikely  to  be  present  in  an  extract  of  the  animal 
fluids,  es])ecially  in  the  proportion  of  ten  parts  per  thou.sand. 

Pettenkofer's  test  is  a  very  delicate  one.  A  watery  solution  of  pure 
sodium  glycocholate,  made  in  the  proportion  of  one  part  to  2,000,  yields, 
at  the  end  of  fifteen  minutes,  a  clear  violet-pink  L'olnr,  if  the  test  lie 
applied  with  care;  and  a  solution  of  sodium  tuurocholute,  in  the  pro- 

>rlioD  of  one  part  to  3,000,  will  give  a  similar  color  at  the  end  of  an 
If.  The  characters  of  the  test  are  the  same  in  both  cases,  as  the 
reaction  is  really  produced  by  cholic  acid,  derived  from  the  decomposi- 
tion of  either  of  the  biliary  .salts. 

The  speclrurn  of  Pottenkofer's  test  may  be  of  service  in  distinguish- 
ing it  from  similar  reactions  produced  by  other  organic  substances.  If 
either  or  both  of  the  biliary  salts,  dis.>*olved  in  water,  be  treated  with 
sugar  and  sulphuric  acid  until  a  violet  or  purple  color  is  produced,  and 
colored  fluid  then  placed  Iwfore  the  slit  of  the  spectroscoi>e,  its 
etrum  shows  a  wide  and  dark  absor^ition  baud  at  E,  extending  from 
Midway  between  D  and  E  to  a  quarter  part  the  distance  between  E 
aail  F,  the  central  parts  of  the  band  being  darker  than  the  edges. 
Beyond  the  absorption  band,  the  spectrum  is  dim,  fading  gradually, 
and  terminating  somewhere  about  the  line  G. 

When  the  purple  color  produced  by  Pettenkofer's  test  with  the  biliary 
aalti)  is  very  pronounced,  the  flui<l  is  usually  too  opaque  for  speetro- 
flcopic  examination,  even  in  a  lay^r  of  one  centimetre;  and  if  diluted 
with  water,  its  purple  color  disappears,  and  it  becomes  turbid,  owing 
to  re-precipitation  of  the  cholic  acid.  This  difficulty  may  be  obviated  by 
making  the  solution  of  biliary  salts  sufficiently  dilute  in  the  first  instance. 
A  solution  of  sodium  glycocholate,  in  the  proportion  of  one  part  to  500, 
treated  with  Pettenkofer's  test,  gives  in  a  few  moments  a  clear  violet- 
pink  color,  which  afterward  becomes  a  rich  purple.     The  purple  fluid 
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is  SO  opaque  that,  when  placed  before  the  slit  of  the  spectroscope  in 
lajer  of  one  ceatimetre,  it  completely  extinguishes  everything  but  tl: 


I'^if).  17. 


jspKciRi'M  Of  i'tiWfjitiuyKiL'u  Test,  witb  tbt-  BilUry  Salu  to  waKry  «olrition. 

red ;  and  yet  it  may  be  diluted  with  water  without  showing  any  turbidity 
or  losing  its  color.    A  solution  of  the  above  strenpfth  is  amply  sufficient 
to  exhibit  Pettenkofer's  reaction  as  well  a?  its  spectroscopic  character 
If  a  solution  of  the  biliary  isalts  Rhould  prove,  when  treated  by  Pettei 
kofer's  test,  too  opaque  for  spectroscopic  examination,  another  portiol 
may  be  reduced,  before  applying  the  test,  to  about  the  strength  of  one 
part  to  500.     When  a  strongly  colored  purple  fluid  has  been  rendered 
turbid  and  decolorized,  as  above  described,  by  the  addition  of  wat^r, 
tran.sparency  and  color  may  be  again  restored  by  the  addition  of  si 
phuric  acid ;  but  this  method  is  less  convenient  than  the  former. 

If  Pet  tun  kofer's  test  be  applied  to  the  biliary  saks  in  alcoholic  solu- 
tion, its  spectrum  contains  two  absorption  bands  instead  of  one.  The 
first  is  situated  at  E,  and  is  identical  with  that  in  a  watery  solution  of 
the  same  salts.  The  second  band,  at  F,  is  usually  rather  narrower  an<j 
fainter  than  the  first,  although  sonjetimes  the  two  are  of  equal  intensity 

The  pink  or  purpli.'^h-refl  fluid,  produe«»d  by  Pettenkofer's  test  with 
watery  solution  of  either  codeine  or  morphine,  has  a  s|.H.'Ctruni  some 
what  similar  to  that  of  the  biliary  salts.     If  the  ruddy  color  of  tho  flui 
be  strongly  pronounced,  its  spectrum,  even  in  a  layer  of  one  centimetre 
is  very  short,  terminating  about  midway  between  D  and  E,  or  evt 
brforo  that  point,  showing  the  red  and  yellow  clear  and  bright,  but  verj 
little  of  the  green.     If  diluted  with  water,  the  mixture  is  not  renderedil 
turbid,  but  its  color  i.s  reduced,  being  soon  changed  to  a  faint  amber,  orj 
often  tu  a  light  apple-green,  while  the  former  peculiaritie.-*  of  the  spe<vj 
trum  disappear.     The  best  way  is  to  place  the  fluid  before  the  slit  of  j 
the  spectroscope  in  a  layer  of  two  ceutinietres  before  its  ruddy  hue  ia^ 
fully  developed,  and  while  it  is  still  of  a  light  pink.     The  color  then 
gradually  becomes  more  pronounced,  and,  when  it  has  attniued  the 
proper   strength,  the   spectrum   exhibits  a  certain,  though  ill-defined 
absorption  band  at  E.     Beyond  the  band,  the  spectrum  is  very  dim,  ^ 
terminating  gradually  between  F  and  G.  H 

The  distinction  between  the  spectrum  of  Pettenkofer's  teat  with 
biliary  salts  and  that  with  the  opium  alkaloids  is,  that  in  the  former 
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tbe  absorption  band  at  E  is  very  distinct,  and  often  quite  black, 
m  viewed  in  a  layer  of  two  centimetres'  thickness;  while  in  the 
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Si'kCTiiitisi  or  PitrritJi'KOFER d  Tkst,  with  the  Biliary  SaltA  iu  itlcohoUc  tolutioD. 

latter  it  is  always  dim  and  ilklefined.  With  the  biliary  Baits,  also,  the 
fluid  may  often  be  diluted  with  it;!  own  or  even  twice  its  volume  of 
water,  and  the  absorption  baud  still  remain  visible;  but  with  morphine 
or  codeine  a  very  moderate  dilution  destroys  the  character  of  the  spec- 
trum and  causes  the  absorption  band  to  disappear. 

The  violet-colored  fluid  produced  by  Petteukofer's  test  with  albumen 
has  a  well-marked  and  peculiar  spectrum,  easily  distinguishablo  from 
thaX  of  the  biliary  salts.  If  too  opaque  for  spectroscopic  examination, 
it  may  be  dihited  with  water  and  afterward  cleared  up  by  the  further 


addition  of  sulphuric  acid.     It  then  shows  a  sin-^le  absorption  bund, 


^  It  mt 
Bitddit 
H  extending  from  somewhere  about  the  line  E  to  the  Hue  F.     In  con- 

■  Fio.  I'?. 

centrated  solutions  it  may  becrin  considerably  to  the  left  of  E,  and 
extend  thence  to  F.     In  those  w^hich  are  niorp  dilute,  it  may  reach 
only  from  a  little  beyond  E  to  F.     It  is,  therefore,  always  limited  on 
klhe  right  by  the  Virif  F,  extoiidinc  farther  toward  E  and  D,  according 
kto  the  decree  of  coneentratioti  of  the  liquid.     Its  edges  are  never  very 
roll  deOned,  but  are  more  distinct  w  hen  the  band  is  narrow  than  when 
is  wide.      Beyond  the  band,  the  refrangible  portion  of  the  spectrum 
quite  dim. 

7.  Creatine,  C«H,NjOj,  from  *p*«k,  flesh. 
This  is  a  neutral  erystallizable  substance,  which  exists  in  the  roua- 

H 
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cular  tissue,  both  voluntary  and  involuntary,  of  man  and  animals;  il 
proportion  in  human   muscles   being,  according  to  Nouhauor,*  aboa(j 
two  parts?  per  thousand.     It  has  alBo  been  found  in  niinutf  quantity  il 
the  blood,  the  brain,  and  the  kidno^ys.    It  is  solnblf  in  cold,  very  readilj 
in  hot  water,  slightly  soluble  in  alcohol,  insoluble  in  ether.     From  it 
watery  solution  it  crystalHzeHi  in  transparent,  colorless,  rhombic  prismj 
of  firm  consistency.     It  is  decomposed  by  a  temperature  of  100'^ 
By  boiling  in  acid  Bolutions,  or  by  long-continued  boiling  in  water,  11 
is  transformed  into  another  closely  related  substance,  namely,  creati 
nine.    If  boiled  with  baryta-water  it  produces,  among  other  substancei 
urea,  carbonic  acid,  and  amraonia.     Creatine  is  regarded  as  a  produc 
of  the  metamorphosis  of  albuminous  matters,  especially  of  those  exist 
iug  in  muscular  tissue.     It  does  not  opi»ear  in  the  urine,  but  under^t 
a  further  transformation,  probably  into  the  following  substance. 

8.  Creatinine,  C,II,XjO, 

Is  known  to  exist,  with  certainty,  only  in  the  urine.     Although  oc 
sionally  found  in  the  muscles,  it  is  generally  regarded  by  physiologic 
chemists  (Neubauer,  Iloppe-Seyler,  Goriiji-Besanez),  not  as  a  normal 
ingredient  of  the  muscular  tissue,  but  as  u  product  of  transformation 
of  the  previously  existing  creatine.     It   is  soluble   in  water  and  in 
alcohol,  but  only  slightly  soluble  in  ether.     It  crystallizes  in  colorlesa^^g 
glittering   prisms.     In   solution    it  has  a  strongly  alkaline   rcactionJ| 
decomposes   the   combinations   of  ammonia,  and  forma  with  various 
acids  neutral  salts. 

The  chemical  relation  between  these  two  bodies  is  such  that  l>j 
hydration  or  tlehydrallon  they  maybe  eonvert<'d  into  each  other.     Ii 
the  interior  of  the  body  cn-atine  is  no  doubt  eouvertcd  into  creatinine,! 
since  the  former  exists  normally  in  the  musck's,  while  the  latter  h  aa) 
ingredient  of  the  urine.     In  this  change  the  elements  of  water  are 
eliminated  as  follows : 

Creatine.  Crenlltiliic. 

C,U»NM  —  11,0  =  C,1I;N,0. 
Creatine  thus  represents  an  intermediate  stage  of  metamorphosis,  andl 
finally  appears  in  the  urine  under  the  form  of  creatinine.     According* 
to  Neubauer,  the  (juantity  of  creatinine  discharged  by  a  bcaltby  man, 
under  ordinary  diet,  is  about  one  gramme  per  day. 
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8,  Urea,  CH,N,0. 
This,  the  most  important  and  well  known  substance  of  its  class,  is 
the  principal  solid  ingredient  of  the  urine,  and  the  main  product  of  the 
decomposition  of  nitrogenous  matters  in  ihf  body.     It  is  most  abun- 
dant in  the  urine,  where  it  is  present  on  the  average,  In  man,  in  the 
proportion  of  2fi  parts  per  thou.sand ;  while  in  the  blood  it  amounts  to  J 
only  0.16  [»art  per  thousand.     Ai^  it  makes  its  appearance  in  the  Wood,  " 
it  is  drained  away  by  the  kidneys,  and  thus  accumulates  in  larger 


*Neubauer  und  Vogel,  Analyze  des  Uitrtu.     Wiesbaden,  1872,  p.  20, 
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proportion  in  the  urino.  Thi^  is  shown  hy  the  analysos  of  Picard, 
who  found,  in  the  dog,  the  proportion  of  urea  in  the  blond  of  the 
renal  arteries  0.36  per  thousand,  in  thr-  ronnl  veins  0.18  per  thousand. 

After  extirpation  of  the  kidncyp,  in  the  dop:.*  the  urea  in  the  Ijjood 
of  the  general  cirpulation  increases  in  twenty-four  hours  from  2^  In 
nearly  8  times  it^  former  proportion.  The  siame  effect  is  produced  by 
tying  the  renal  arteries,  or  by  ligature  of  both  ureters,  which  arrests 
the  fiiDCtional  activity  of  the  kidneys.  Grf^hant  corroborated  the 
observations  nf  Picard  in  regard  to  a  dinunished  proportion  of  urea  in 
the  blood  of  the  renal  vein,  as  compared  with  that  of  the  renal  artery, 
in  the  healthy  aoimal ;  but  after  ligature  of  the  ureter,  the  proportion 
of  urea  was  no  longer  diniiuished  while  pa.ssing  through  the  kiclnoy. 
It  is  plain  from  these  experiments  that  the  immediate  source  of  urea 
ii*  not  in  the  kidneys,  but  in  some  other  part  or  parts  of  the  general 
system.  It  has  been  found  in  the  lymph,  the  aqueous  and  vitreous 
humors  of  the  eye,  the  crystalline  lens, "the  liver  and  the  spleen,  and  in 
minute  quantity  in  the  perspiration. 

Though  urea  is  evidently  derived  from  the  nitrogenous  organic  sul>- 
stances,  the  exact  manner  and  place  of  its  formation  in  the  body  have 
not  been  determined.  It  has  been  nrtificially  produced  by  B(?chanipt 
from  albuminous  matter,  placed  in  contact  with  potassium  permanganate 
in  watery  solution,  and  subjected  to  a  heat  of  GO^  or  80'  C.  This  reac- 
tion has  Ix^en  confirmed  by  Ritter,J  in  whose  experiments  30  grammes 
of  albumen  furnished  0.09  gramme  of  urea,  and  the  same  quantity  uf 
fibrine,  0.07  gramme ;  while  from  30  grammes  of  gluten,  in  an  average 
of  three  exp<'riujents,  there  was  obtained  0.27  gramme  of  urea.  This 
process,  however,  is  not  one  of  simple  oxidation,  but  an  oxidation  with 
docomposition,  in  which  various  other  substances  are  produced  at  the 
same  time. 

Urea  is  a  colorless,  neutral  substance,  very  soluble  in  water  and  in 
boiling  alcohol,  less  80  in  cold  alcohol,  nearly  insoluble  in  ether.  It 
crystallizes  in  four-sided  prisms,  which  are  decomposed  oi>  lieing  heated 
above  120*^  C.  Its  pure  watery  solution  may  be  kept  without  change 
at  ordinary  temperatures ;  but  by  continued  boiling,  or  by  a  short 
I)oiling  in  the  presence  of  alkalies,  it  is  decomposed  with  the  productinu 
of  ammonium  carbonate.  If  heated  with  water  in  an  hermetically  sealed 
tul)c  to  ISO"'  (.'.  it  undergoes  the  same  alteration.  This  change  takes 
place  with  the  assumption  of  the  elements  of  water,  as  follows: 
Uroii.  Ammonium  c«rlK>uiile. 

CII»N,0  -f  211,0  =  (N'Il4),C0,. 

Daily  quantity  of  Urea  and  its  \:ariation». — The  quantity  of  urea 


*  Prevoe*  and  Dumaf,  .\tmaios  lie  Chimie  cl  de  Pliysitjue,  Pari."*,  1823,  torne  xxiii., 
90:  S^Kla<«.  Journal  de  Phyeiologie,  tome  ii.,  p.  354  ;  Mitscherlich,  Tie<l<'mai)n  and 
lin»   Poggendorf'fl  Annaleit,   hand   xixi.,  p.  30.3;  C\.   Beninrd,   Liqiiide.4  de 
icnie.     Pario,  1859,  lome  ii.,  Deuzifime  Le^on.   <jr£haiil,  Ceatralblatt  Hirdie 
MediciniHchen  WiMcnftchiiltcn.     Berlin,  1870,  p.  249. 

t  C'ompiefl  Kendus  df  1' Ai-ad^mie  de«  Sciences.     Paris,  1870,  toiue  Ixx.,  p.  866. 
X  Compters  RcnJiis,  1871,  Ixxiii.,  p.  1219. 
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excreted  by  a  healthy  man  is  about  35  f?rammrs  per  day.  This  amoant 
varies  with  the  size  of  the  body,  the  average  daily  proportion  of  iirea 
to  the  weight  of  the  whole  twdy  beinp:  0.5  per  thousand  parts.  Leh- 
mann,  in  experiraents  on  hit<  own  person,  found  the  average  daily  quan- 
tity to  be  82.5  g-raiumcf?.  BischofT,  by  similar  experiments,  found  it  to 
be  35  frranmit'.s.  Ilamniond,  whose  weiffht  was  90  kiloiframmes,  found 
it  to  be  43  jrrammes.  Draper,  whose  weight  wa.9  66  kiloa:ramme8,  found 
it  26.5  /»Tammes. 

It  has  been  shown  by  Proper,*  and  eon  firmed  by  other  observers, 
that  there  is  a  diurnal  variation  in  the  normal  quantity  of  urea.  A 
smaller  quantity  is  produced  during-  the  night  than  during  the  day; 
and  this  diflcrence  exists  even  in  patients  con6ned  to  the  bed  during 
the  whole  twenty-four  hours,  as  in  the  case  of  a  man  with  fraetiire  of 
the  leg.  Its  production  is  less  abundant  durinj^  the  forenoon  than 
in  the  afternoon  or  evening,  the  maximum  occurring  from  3  to  Tr  hours 
after  the  principal  meal  of  the  day. 

An  important  variation  in  the  daily  excretion  of  urea  is  tiuit  which 
corresjiftnds  with  the  kind  and  ijiiautity  of  the  food.  Urea  is  the  prin- 
cipal n-jiresentativeof  the  decomposition  of  the  nitrogenous  ingredients 
of  thr  body,  as  it  is  the  only  substance  containing  nitrogen  which  id 
discharged  in  any  considerable  amount  by  the  excretions.  A  compari- 
son of  the  nitrogen  contaiii*^d  in  the  daily  food  with  that  discharged 
from  the  body  in  various  forms  shows  iliat  fully  85  jKsr  cent,  reappears 
as  an  ingredient  of  the  urea;  the  remaining  15  per  cent,  being  con- 
tained in  the  uric  and  hip|mrie  acids  and  creatinine  of  the  urine,  and 
in  the  nitrogenous  matters  of  the  feces. 

All  observers  agree  that  the  quantity  of  tiren  excreted  varies  in  pro- 
portion to  the  nitrogenous  matters  contaiui^  in  the  food.  Lehmannf 
found  in  experiments  on  his  own  person,  that  the  daily  amount  of 
urea  was  increased  by  animal  food,  diminished  by  vegetable  food,  and 
reduced  to  its  minimum  by  a  diet  consisting  exclusively  of  non-nitro- 
genous matters,  such  as  starch,  sugar,  and  fat.  The  comparative  re- 
sults were  as  follows : 

KlnU  of  tUet  Ditlly  quanlltr  of  area. 

Mixu<t 32.5  grammea. 

Aniiiuil 68.3 

Vvfiiolahlu 22.5         '' 

Nun-nit  rofrcnoiis       ......         15.4         *' 

It  also  app^'ar.s,  from  the  observations  of  Mahomed, |  that  the  influence 
of  a  change  of  diet  iu  this  respect  is  manifested  vrry  rapidly  ;  twenty- 
four  hours  of  a  non-nitrogenous  diet  l>eing  sufficient  to  re«luee  the 
excretion  of  urea  50  per  cent.,  while  it  is  restored  to  its  ordinary  stand- 
ard within  three  t>r  four  hours  after  the  u»e  of  animal  food. 

Urea,  however,  does    tiot   depend    uxclusively  on  the  direct  trans- 

*  New  York  Journal  of  Medi(!Uie,  March,  1856. 

f  Physiological  Chemistry,  Sy<k'nliiim  I'Alition.     I^rulon,  IH'j'i,  vol.  ii.,  p.  450. 

|Pavy,  Food  aiid  Dlctelica,  Pliiladtdphia  Edllioii,  1874,  pp.  79-81. 
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formation  of  nitrogenous  matters  in  the  food,  but  is  al?o  derived  from 
the  metamorphosis  of  the  more  permaDoat  constituents  of  the  body ; 
Ince  it  coutinucfl  to  be  discharged,  though  iu  dimiuiished  (juantity 
'hen  DO  food  is  taken.  Lehmann  found  ns  much  urea  in  the  urine 
after  twenty-four  hours  of  abstinenre  from  all  food,  as  after  a  diet  of 
non-nitrofrenous  matters.  In  the  dog-,  when  subjected  to  entire  absti- 
ncnc<\  the  urea  is  reduced  in  three  or  four  days  nearly  to  one-third  its 
former  quantity,  but  is  stitl  present  in  about  the  same  proportion  at  the 
end  of  seven  days.  In  the  experiments  of  Parkes  on  a  man  suhijected 
to  purely  non-nitrogenous  diet,  the  daily  excretion  of  urea  fell  on  the 
rafieeund  day  to  13  grammes,  but  afterward  remained  nearly  uniform,  at 
rather  more  than  half  that  quantity,  and  on  the  fifth  day  still  amounted 
to  7  grammes.  Urea  has  also  been  found  by  Lassaigne  in  the  urine  of 
man  after  continued  abstinence  from  food  for  fourteen  days. 

Very  contradictory  statements  have  been  made  in  regard  to  the  influ- 
ence of  muscular  exertion  on  the  production  of  urea.  By  some  observers 
(Lehmann,  Flint,  Weigeljn,  Parkes,  and  Vogel)  the  urea  has  lieen  found 
to  lie  increased  during  or  after  unusual  bodily  activity  ;  by  others  (Fick 
and  Wislicenua,  Voit,  Ranke)  it  has  been  denied  that  muscular  exertion 
causes  such  an  effect.  This  discrepancy  has  resulted  mainly  from  not 
inking  into  account  the  increase  or  diminution  of  nitrogenous  food 
simultaueously  with  the  periods  of  muscular  rest  or  activity.  There 
can  be  no  doubt,  since  the  observations  of  Flint*  on  the  {xdestriau 
Weston,  afterward  repeated  by  P«vy,-|-  on  the  same  person,  with  essen- 
tially similar  results,  that  the  production  of  urea  in  man  is  considerably 
increased  by  muscular  exertion,  and  that  this  increase  is  over  and  above 
what  can  be  accounted  for  by  tlie  nitrogenous  food  consumed.  It  must, 
therefore,  be  attributed  to  the  fimctional  activity  of  the  muscular  system ; 
id  as  this  system  forms  no  less  than  40  per  cent.,  by  weight,  of  the 
entire  frame,  it  will  account  for  a  considerable  portion  of  the  urea  pro- 
duced. It  is,  also,  a  nmtter  of  common  cvperienee,  both  for  man  and 
animals,  that  continued  and  laborious  muscular  neti^vity  requires  a  cor- 
responding supply  of  nitrogenous  food ;  and  the  dual  result  of  the 
interDal  meiamorithosis  of  such  substances  is  mainly  represented  by 
area, 

10.  Sodium  Urate,  C^njN.O.Na. 

As  its  name  indicates,  this  is  a  saline  body,  consisting  of  a  nitro- 
genous organic  acid,  namely,  vrir  acid  (C^H^N^Oj),  in  union  with  so- 
dium«  A  portion  is  also  in  combination  with  pfitassium,  but  the  sodium 
aalt  ia  in  much  the  greater  quantity.  The  urates  are  found  normally 
only  in  the  urine,  where  they  exist  in  the  proportion  of  ubout  1.45  parts 
per  thousand.  The  entire  quantity  of  uric  acid  excreted  by  a  healthy, 
foll-growTi  man,  is  about  0.7  gramme  per  day.  It  is,  therefore,  very 
much  less  abundant  than  urea;  and,  according  to  the  researches  of  Ranke, 

*  New  York  Meilic^nl  Jniimal,  June,  1S71. 
t  Lundun  Laiicel,  187G,  vol.  ii.,  p.  848. 
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the  proportion  between  the  two  is  very  constant,  their  relative  quan- 
tity in  the  same  individuaJ  being  nearly  always — 


Uric  acid 
Crea  . 


1  part. 
45  parts. 


Uric  add  is  a  cxdorless,  crystnUizable  substance,  very  slightlj'  soluble 
in  cold  or  hot  water,  insulutjJr  in  alcohol  and  in  ether.  It  is  loss  ea^sily 
decomposed  than  urea,  remaining  for  a  long  time  unchanged  under 
ordinary  conditions.  If  treated  with  concentrated  sulphuric  acid  it  is 
decomposed,  with  the  production  of  ammunia  and  carbonic  acid.  If 
boiled  with  dilute  nitric  acid,  it  dissulves  with  a  yellow  color  and 
abundant  liberation  of  gas-buhblos ;  and,  on  evaporation,  the  solution 
leaves  a  brilliant  red  stain,  which  is  changed  to  purple  by  the  addition 
of  ammonia  water,  TLis  is  known  as  the  "murexide  test"  for  uric 
acid  or  the  urates. 

Uric  acid,  like  urea,  is  formed  within  the  body  by  the  metamorphosis 
of  nitrogououa  organic  ftubstances.  It  is  most  abundant  under  the  use 
of  animal  food,  is  diminished  by  a  vegetable  diet,  and  is  reduced  to 
a  minimum,  though  it  does  not  entirely  disap|K'ar,  during  complete 
abstinence.  It  is  also  increased  by  muscular  exercise  and  diminished 
by  repose.  It  is  this  substance  which  indirectly  causes  the  acid  reaction 
of  the  urine.  It  is  nowhere  present  normally  in  a  free  form,  being  by 
itself  exceedingly  insohilde  ;  but  simultuueously  with  its  production  it 
unites  with  part  of  the  alkaline  base  of  the  phosphates,  thus  becoming 
sodiunx  urate,  which  is  soluble  and  neutral  in  reaction,  and  giving 
rise  to  .sodium  biphosphate,  which  communicates  to  the  urine  its  acid 
reaction. 

11,  Sodium  Hippuiate,  CJI,NO,Na. 

This  is  also  o  saline  body,  formed  by  the  union  of  sodium  with  a 
nitrogenous  organic  acid,  namely,  hippnrif  arid  (f\,II.jXO.i),  i*o  called 
because  first  discovered  in  the  urine  of  the  horse.  It  is  comparatively 
abundant  in  most  herbivorous  animals,  especially  tho  horse,  ox,  sheep, 
goat,  elephant,  camel,  and  rabbil ;  while  it  is  absent,  or  nearly  so,  in  the 
carnivorous  animals.  In  liuman  urine,  under  an  ordinary  mi.xed  diet, 
it  is  constantly  present,  amounting  to  about  0.35  gramme  per  day,  or 
about  one-half  the  quantity  of  uric  acid.  It  increasies  perceptibly  under 
a  vegetable  diet,  and  diminishes  or  disappears  under  the  exclusive  us** 
of  animal  food.  It  thus  alternates  in  (|unntity,  under  these  circum- 
stances, with  uric  acid.  In  the  urine  of  the  horse,  which  normally 
contains  hippuric  acid,  after  continued  abstinence  from  food,  this  sub- 
stance ceases  to  appear  and  uric  acid  takes  its  place,  Herbivorous 
animals,  when  deprived  of  food,  are  plueed  in  the  condition  of  carnivora, 
since  4 he  ingredients  of  the  urine  must  then  l»e  derived  fnmi  the  meta- 
mor|>hosi8  of  their  own  substance.  In  the  calf,  while  living  on  the 
milk  of  its  dam,  the  urine  contains  uric  acid;  after  the  animal  is 
weaned  and  l)e>rins  to  live  on  vegetablf  food,  the  uric  acid  disappears^ 
and  the  urine  contains  salts  of  hippuric  acid. 


• 


CHAPTER  VII. 
FOOD. 

TTNDER  the  term  "  food  "  are  included  all  substances,  solid  or  lifjuid, 
U  necessary  for  uutritioa.  The  fi^f^t  act  of  this  process  is  the  ap- 
propriation from  without  of  t'he  materials  of  the  living  frame,  or  of 
other  substances  which  may  be  coiivcrtcrl  into  them.  Like  the  tissues 
and  the  fluids,  therefore,  the  food  coiitaiuH  various  iugre<lients,  both 
organic  and  inorganic;  and  the  first  important  fact  with  regard  to  them 
is  that  no  single  class  of  theae  substances  is  sufficienf  to  sustain  life, 
but  that  severnl  must  be  supplied  in  due  propurliou,  to  maiataiu  the 
body  in  a  healthy  condition. 

Inorganic  Ingredients  of  the  Food. 

Inorganic  substances,  althoujrh  they  afford  the  necessary  materials 
for  vegetation,  are  not  suffieieat  for  the  nourishment  of  animals,  which 
depend  for  their  support  upon  elements  already  combined  in  the  organic 
form.  The  inorganic  matters  are  nevertheless  essential  to  animal  life, 
and  require  to  be  supplied  io  sufficient  f|uantity  to  maintain  their  natural 
proportion  in  the  auiuiiil  solid^  and  fluid:>.  As  thi-y  are  gentTally  exempt 
from  alteration  in  the  interior  of  the  body,  and  are  absorbed,  deposited, 
and  expelled  uncJiauged,  each  one,  as  a  rule,  requires  to  be  present  under 
iteown  form,  and  in  sufficienl  quantity,  in  the  food.  This  is  espt'cially 
true  of  water  and  sodium  chloride,  both  of  which  enter  and  leave 
the  system  in  abundant  daily  quantity;  and  of  the  calcareous  salts 
which,  during  the  growth  and  ossification  of  the  skeleton,  are  largely 
depoi^ited  in  the  osseous  tissue.  The  alkaline  eurbonates,  phosphates, 
and  sulphates  are  partly  formed  within  the  system  during  the  meta- 
morpbosis  or  decomposition  of  organic  substances;  but  their  elements 
muBt  of  course  enter  the  body  in  some  form,  in  order  to  enable  these 
changes  to  be  accomplished. 

Since  water  enters  into  the  composition  of  every  part  of  the  body, 
it  is  an  important  ingredient  of  the  food.  In  man,  it  is  probably  the 
most'  important  substance  to  be  supplied  with  constancy  and  regularity, 
and  the  system  sufft^rs  more  rapidly  when  deprivi;d  of  fluids,  than 
when  the  supply  of  solid  food  only  is  withdrawn.  Magendie  found. 
in  his  experiments  on  dogs  subjected  to  inanition,*  that  the  animals 
supplied  with  water  alone  lived  six,  eight,  or  even  ten  days  longer 
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than  those  deprived  of  both  solids  and  liquids.  Sodinm  chloride,  alao, 
is  iisumlly  added  to  the  food  ia  considerable  quantity,  and  requires 
to  be  supplied  as  a  condiment  with  some  rejjularity  ;  while  the  remain- 
ing inorganic  materials,  sueh  as  calcareous  palts,  and  the  alkaline  phos- 
phates and  sulphates,  occur  naturally  in  sutScieut  quantity  in  must 
articles  of  food. 

The  entire  quantity  of  mineral  Bubstances  discharged  daily  by  a 
healthy  adult,  by  both  the  urine  and  perspiration,  averageB  as  followB : 

Quantity  of  Mikeral  Mattebs  DisonARSKD  per  pay. 
Sodinm  and  potasi^inra  chloriiles       .        .        .        15.0  grammes. 
CiilnareoiiB  and  majEjne^ian  phosi>hatei*       .         .  1.0         " 

Sodium  and  pottLasium  pluisphates    .         .         ,  4.5         " 

Sodium  and  potaaaium  eu]pliatt>8      ...  4.0        " 

24^5         " 
According  to  the  average  dietaries  for  adults,  in  full  health,  collected 
by  Playfair,*  about  20  grammes  of  mineral  matter  are  daily  introduced 
with  the  food.     The  remainder  is  accounted  for  by  the  phosphates  and 
sulphates  formed  within  the  system  as  above  described. 

Kon-NitrogenouB  Organic  Ingredients  of  the  Food. 

These  substances,  so  far  as  they  enter  into  the  composition  of  the 
food,  are  divided  into  two  natural  groups,  namely,  carhohydraiea, 
including  starch  and  sugar,  and  fats,  including  all  varieties  of  ole- 
aginous matter.  Since  starch  is  converted  into  glucose  in  the  digestive 
process,  these  two  substances  may  bo  regarded  as  having  the  same 
nutritive  value.  They  occur  abundantly  only  in  vegetable  products, 
and  the  herbivorous  animals  alone  consume  them  in  considerable 
qmintity  in  their  food ;  while  the  carnivora  obtain  a  comparatively 
small  proportion  of  glycogen  and  glucose  in  the  tissues  and  juices 
upon  which  they  feed.  For  man  the  natural  diet  is  a  mixed  regimen 
of  animal  and  vegetable  foud ;  and  it  is  invariably  found  that  a 
continued  privation  of  vegetable  substances  produces  a  craving  for 
carbohydrates,  which  indicates  their  necessity  for  healthy  nutrition. 

A  similar  question  has  arisen  with  regard  to  oleaginous  matters. 
Are  these  substances  indispensable  in  the  food,  or  may  they  be  replaced 
by  starch  or  sugar  't  It  bus  already  been  seen,  from  the  experiments 
of  Boussingault,  that  a  certain  amount  of  fat  is  produced  in  the  body 
over  and  above  that  taken  with  the  food ;  and  it  appears  also  that 
a  regimen  abounding  in  SRcchariue  substances  is  favorable  to  the 
production  of  fat.  It  is  probable,  therefore,  that  the  materials  for  the 
production  of  fat  may  be  derived,  either  directly  or  indirectly,  -from 
saccharine  matters.  But  saccharine  matters  alone  are  not  suflicient. 
Dumas  and  Milne-Ed ward.s|  found  that  bees,  fed  on  pure  sugar,  soon 
cease  to  work,  and  sometimes  perish  in  considerable  numbers ;  but  if 

*Lorjdoa  Cbemicil  New«,  Mar  \2,  lS6o. 
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with  hoaey,  which  c<>utains  8ome  waxy  sud  other  matters  beside 
l^ar,  they  thrive  upou  it;  iiud  produce,  in  agiveu  time,  a  larger  quantity 
of  fat  thaa  was  cuutained  in  the  food. 

The  same  thing  was  estaWifthed  by  Boussingault  with  reg-ard  to 
atarehy  matters.  He  found  that  in  fattening-  pigs,  though  the  quantity 
of  fut  accumulated  by  the  animal  considerably  exceeded  that  contained 
In  the  food,  yet  fat  must  enter  to  Mime  extent  into  its  conipositiou  to 
niaintain  the  animal  in  good  condition ;  for  pigs,  fed  on  boiled  potatoes 
alone  (an  article  abounding  in  starch  but  nearly  destitute  of  oily  matter), 
fattened  slowly  and  with  diflBculty ;  while  those  fed  on  potatoes  mixed 
with  a  greasy  fluid  fattened  readily,  and  accumulated  much  more  fat 
than  was  contained  in  the  food.  In  order,  therefore,  that  an  animal 
become  fattened,  it  must  be  supplied  not  only  with  the  materials  of  the 
fat  itself,  but  with  everything  el»e  necessary  to  maintain  the  body  in  a 
healthy  condition.  Oleaginoua  matter  is  oni?  of  the.^e  Kubstances. 
We  cannot  assume  that  the  fata  taken  in  with  the  food  are  simply 
«bi5or>M'd,  and  deposited  unchanged  in  the  system.  They  may  be  in 
j^reat  measure  decomposed  or  transformed  in  tho  procesf^  of  nutrition ; 
tho.se  which  appear  a.s  constituents  of  the  tiissueH  being  products  of 
new  formation,  derived  perhaps  from  a  variety  of  sources. 

It  is  certain  that  either  one  or  tho  other  of  these  two  groups  of 
ibstaiices,  saccharine  or  oleaginous,  must  enter  into  the  composition 

the  food  ;  and  furthermore,  that,  thous^h  oily  mutter  may  sometimes 
l»e  produced  in  the  lx>dy  from  the  sugars,  it  l.s  al«o  necessary  that  it  be 
supplied  under  its  own  form.  In  tho  food  of  niao  they  are  naturally 
asdociated  in  many  vegetable  alimentary  matters;  while  the  fats  are 
supplied  in  addition  from  a  variety  of  animal  substances. 

But  neither  the  carbohydrates  nor  the  fats,  alone  or  associated  with 
each  other,  are  sufficient  for  nutrition.  Magendie  found  that  dogs,  fed 
exclusively  on  starch  or  sutrar,  pt'rishefl  after  a  short  time  with  symp- 
toms of  profound  disturbance  of  the  nutritive  funelitms.  An  exclusive 
diet  of  butter  or  lurd  hud  a  ssimilar  effect.  The  animal  beeunie  exceed- 
ingly debilitated,  though  without  much  emaciation  ;  and  aftxr  death  the 
internal  organs  and  tissues  were  found  infiltrated  with  oil.  Boussin- 
^ault*  performed  a  similar  experiment,  with  like  result,  upon  a  duck, 
which  was  kept  on  an  exclusive  regimen  of  90  to  100  grammes  of 
butter  per  day.  At  tho  end  of  three  weeks  it  died  of  inanition,  although 
rrry  part  of  the  body  was  saturated  with  oily  matter. 

L^hmann  was  led  to  the  same  result  by  experiments  upon  htm- 
eelf,  while  investigating  the  efft-ct  produced  on  the  nriae  by  different 
kinds  of  food.f  lie  confined  himself  first  to  a  purely  animal  diet  for 
three  weeks,  afterward  to  a  purely  vegetable  diet  for  sixteen  days, 
without  marked  inconvenience.  He  then  put  him.self  upon  a  regimen 
of  non-nitrogenous  substances,  Ktarch,  sugar,  gum,  and  oil,  but  was  only 


*Chimie  .\prricoIe.     Paris,  1854.  p.  166. 

f  Jouniul  fiir  praktIachL'  Cheniic,  Boiid  xzvii.,  p.  257. 


122 


I'll  YSIOLOOICAL    CHEMISTRY, 


able  to  eontiiiuG  this  diet  Tor  two,  or  at  most  for  three  days,  owinp-  to] 
disturbance  of  the  g'eiieral  health.     The  unpleasant  symptoms  disap-j 
jienrcd  on  his  return  to  a  mixed  diet.     In  some  instances  a  restrictedlj 
diet  of  this  Jtind  has  heen  borne  for  a  longer  lime,     Parkes*  kept  two] 
soldiers  on  non-nitrOgenou«  food  for  five  consecutive  days  without  theil 
exhibitinj?  serious  s^t^ni*  of  phyBieal  exhaustion.    Hammond. f  in  experi- 
ments upon  himsj'If,  lived  for  ten  day^  on  a  diet  of  boiled  stareh  and 
water.     After  the  third  day,  however,  the  general  health  be|;au  to  dete 
riorate,  and  became  much  disturbed  before  the  termination  of  the  ex-J 
periment;  the  prominent  symptoms  beinj^  debility,  headache,  prrosia,! 
and  paI[)itation.    After  the  starchy  diet  wa;^  abandoned,  it  required  soi 
days  to  restore  the  health  to  its  usual  condition. 

Nitrogenous  Ingredients  of  the  Food. 

The  nitrogenous  or  nlbumenoid  matters  enter  so  largely  into  th» 
constitution  of  the  animal  tissues  and  fluidH,  that  their  importance^ 
aa  elements  of  the  food,  is  easily  understood.     No  food  can  liC  long  nii-^ 
tritious,  unlesa  a  certain  proportion  of  these  substances  be  pre.sent 
Owing  to  their  abundant  quantity  as  ingredients  of  the  lx)dy,  their 
absence  from  the   food  is  more  sjjeediiy   felt  than  that  of  any  other 
substance  except  water.     Albuuiinous  matters,  however,  when  Uik«'0 
alone,  are  no  more  capable  of  supporting   life   mdelinitely  than  the 
rest.     It  was  found  in  the  experiments  of  the  French  *•  Gelatine  Com- 
mission "I  that  animals  fed  on  pure  fibrine  and  allMiiuen,  as  well  as  tho»; 
fed  on  getuliue,  la'come,  after  i<.  >'hort   time,  much  enf<'eb|L'd,  refuse  thoj 
food  ofl'ered,  or  take  it  with  rehictance,  and  finally  die  of  inaniiion.,j 
This  result   has   bi'en  explained  by  supposing  that  these  substaneefi 
e.xcitt'  after  a  Mme  such  disgust  ihaL  they  are  either  no  longer  (aken,  of] 
if  iiikeu  are  not  di^fcsted.     But  thi.s  is  simply  an  iudieation  that  th 
substances  used  arc  insufficieut  and  finally  useless  as  articles  of  fooc 
and  that  the  system  demands  other  materials  for  its  nourishment.     I( 
is  well  described  by  Magendic,  in  the  report  of  the  commission  abovi 
alludL'd  to,  wiille  detailing  his  investigations  on  the  nutritive  qualities^ 
of  gelatine.     "  The  result,*'  be  says,  "of  these  first  trials  was  that  pure 
gelatine  was  not  to  the  taste  of  the  dogs  experimented  on.     Sonie  of 
tbeni  suffL-red  the  pangs  of  hunger  with  the  ;yelatine  within  thfir  reach, 
and  would  nut  touch  it;  others  tasted  it,  but  would  not  cat;  others 
still  devoured  a  certain  quantity  once  or  twice,  and  then  obstinately 
refused  to  make  any  further  use  of  it." 

In  one  instance,  Magcndie  succeeded  in  induciuj^  a  dog  to  take 
considerable  quantiiy  of  pure  filtrine  daily  throughtnit  the  whole  conr? 
of  the  experiment ;  but  the  aninml  nevertheless  became  emaciated,  and! 
died  at  last  with  symptoms  of  inanition. 

•  Proceedings  of  the  Royal  Society  of  I^iondun,  Mtiirh  2d,  1871. 
t  Experinicrilnl  Rc^uarchefl,  being^  the  Prize  Bsiwy  of  tlie  American  Medical.] 
ABBOciatiDii  for  1S57. 

X  Compter  Rendus  de  I'Acad^tuie  den  Hciencei).     ParU,  1841,  torn,  x'm.,  p,  267. 
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It  ig  evident,  therefore,  that  no  single  organic  substance',  nor  even 
any  one  cla«s  alone,  is  sullicicnt  for  nutrition.  The  albuminous  mat- 
ters are  first  in  importance  because  they  constitute  the  hirgest  jrart 
of  the  mai^t:  of  the  body ;  and  exhaustion  follows  more  rapidly  wlit-n 
they  are  withheld  than  when  the  animal  is  deprived  of  other  kinds  of 
lentary  matter.     But  starchy  and  oleaginous  substances  are  also 

juisite ;  and  the  body  feels  their  want  sooner  or  later,  though  plenti- 
fully supplied  with  albuminous  food.  Finally,  the  inorganic  saline 
matters,  in  smaller  quantity,  are  also  necessary  to  the  maintenance  of 
life.  In  order  that  the  anininl  tirisues  and  fluids  remain  healthy,  nnd 
j>erform  their  proper  functions,  they  must  be  .sup]>ru>(l  with  all  the  in- 
gredients necessary  to  their  constitution;  and  a  man  may  be  starved  to 
dratb  at  last  by  depriving  him  of  sodium  chloride  or  lime  phosphate  as 
surely,  though  not  so  rapidly,  as  if  he  were  deprived  of  alljunien  or  oil. 

Composition  of  Diiferent  Articles  of  Food. 

lu  the  most  valuable  aud  nutritious  kinds  of  food,  adopted  by  the 
oniversal  and  instinctive  choice  of  man,  the  carbo-hydrates,  fats,  albu- 
minous and  inorganic  matters  are  all  uaually  present  in  certain  pro- 
portions. 

Milk. — In  milk,  the  first  food  supplied  to  the  infant,  and  Inrgily 
employed  in  various  culinary  operations,  all  the  injportant  groups  of 
nutritive  substancea  are  represented.  It  is  a  white,  opa(|ue  fluid,  cou- 
sijiting,  1st,  of  a  serous  portion,  with  ulbuiuiiious  nuitters,  !?ugar,  aud 
mineral  salts  in  solution,  and  2d,  of  fatty  globules  suspended  in  the 
watery  liquid.  It  is  this  mixture  of  oleaginous  particles  with  a  serous 
fluid  which  gives  to  the  milk  its  (tpacily  and  its  white  color.  Its  rieh- 
neaa  in  fatty  matter  may  tljerrfore  be  cstinuiticl  from  these  phy-sieal 
qualities.  The  ingredients  in  cow's  milk  are  present,  according  to 
Fayen,  in  the  following  proportions: 

CoMroaiTioN  of  Cow's  Milk  in  1. 000  I'Arrrs. 

Water     ^ .  8fi4 

Albuminous  matter 43 

Sugar  of  milk 52 

Fat 37 

Mineral  salts              4 

1,000 

Cow's  milk  resembles  human  milk  in  its  general  characters,  but  con- 
tains a  larger  proportion  of  solid  ingredients,  especially  of  the  nitro- 
genous and  .«acohariiie  matters,  fat  being  present  In  nearly  the  same 
amount  in  each.  Sluep  and  goat's  milk  is  richer  in  both  nitrogenous 
ood  fatty  matters;  while  the  milk  of  the  ass  and  the  mare  contains  a 
greater  abundance  of  sugar,  but  is  comparatively  poor  in  nitrotreuous 
matter  and  fat.  TIk'  nitrogenous  matter  of  milk  consists  almost  entirely 
of  easeine,  associated  with  a  smail  proportiutt  of  albumen.  Owing  to 
the  relative  quantity  uf  these  twu  substances,  milk  does  not  solidify  on 
boiling,  but   merely  covers  itself  with  a  thin  pellicle  of  coagulated 
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albumen,  the  caseine  remaining  liquid.  The  addition  of  any  acid,  how- 
ever, such  as  acetic  or  tartaric  acid,  will  precipitate  the  caseine  and 
curdle  the  milk.  If  milk  bo  allowed  to  remain  exposed  to  the  air  at  a 
moderately  warm  temperature,  it  curdles  spontaneously,  owing  to  the 
development  of  lactic  acid,  from  transformation  of  its  sugar ;  and  the 
same  change  will  occur  instantaneously  from  electric  disturbance,  during 
a  thunder-storm. 

The  caseine  of  milk,  artificially  coagulated  by  the  action  of  rennet, 
constitutes  cheese.  Rennet  is  the  dried  contents  and  mucous  membrane 
of  the  stomach  of  the  calf,  the  animal  being  killed  and  the  stomach 
taken  out  while  digestion  is  in  full  activity  and  the  gastric  fluids  abnn- 
dantly  secreted.  An  infusion  of  this  substance  even  in  small  quantity, 
added  to  fresh  milk  at  the  temperature  of  30°  C.  produces  coagulation 
in  fifteen  or  twenty  minutes.  The  coagulum  is  drained  from  the  watery 
serum  or  "  whey,"  and  afterward  pressed  into  the  form  of  cheese.  The 
variety  in  consistency  and  flavor  of  different  cheeses  depends  mainly 
on  the  proportion  of  fatty  matter  retained  in  the  coagulum,  and  on 
certain  slow  changes,  in  the  nature  of  fermentations,  which  go  on  in  it 
subsequently. 

The  fatty  matter  of  milk  is  suspended  in  its  serous  portion  under  the 
form  of  minute  spheroidal  masses.  These  masses  or  "  milk-globules  " 
are  not  quite  fluid  at  ordinary  temperatures,  but  have  a  semi-solid  con- 
sistency owing  to  their  containing  a  considerable  proportion  of  palmitine. 
The  fat  globules,  separated  by  churning  from  the  other  ingredients  of 
the  milk,  and  united  into  a  coherent  mass,  constitute  butter.  This  sub- 
stance, accordingly,  represents  the  oleaginous  ingredients  of  the  milk ; 
and  when  purified  from  the  watery  portions  entangled  virith  it,  consists 
mainly  of  palmitine  and  oleine,  with  certain  flavoring  ingredients,  the 
principal  of  which  has  received  the  name  of  "butyrine."  These  sub- 
stances  are  usually  mingled  in  the  following  proportions : 

Palmitine 68  parts. 

Oleino *  30     " 

Butyrine  and  other  flavoring  matters        ...  2    " 

loo 

When  well  prepared  and  in  good  condition,  butter  constitutes  one  of 
the  most  valuable  and  easily  assimilated  forms  of  oleaginous  food.  If 
contaminated  with  the  nitrogenous  matter  of  the  milk,  its  fatty  ingre- 
dients after  a  time  become  decomposed  with  the  development  of  volatile 
fatty  acids ;  in  which  condition  it  is  said  to  be  "  rancid,"  and  is  no 
longer  fit  for  food. 

Bread. — The  cereal  grains  resemble  each  other  more  or  less  in  their 
constitution,  all  of  them  containing  starch,  nitrogenous  matter,  dextrine 
or  sugar,  fat,  and  mineral  salts  in  various  proportions.  Wheat  is  dis- 
tinguished by  containing  a  larger  quantity  of  nitrogenous  matter  as 
compared  with  the  other  ingredients,  and  by  the  peculiarly  adhesive 
quality  of  this  substance,  which  has  received  accordingly  the  name  of 
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frraten/^     The  different  jcrraiuH  in  common  use  for  food  have,  whea 
«lry,  tho  following-  average  eoinposition,  uccordiug  to  Payou. 

C0SrPO8ITl0K  OF  THB  CEBEAL  GraIKS. 


[Wheat 
'By«     .    . 

Hnrley 
Oats  '  .     . 
IliiUaD  corn 
Rice     .    . 


Nitrogenous 
Matter. 


18.00 
12.50 
12J>0 
14.  Hi* 
12.50 
7.55 


Starch. 


fifi.ftO 

Ii7.55 
88.r.5 


Dextrine, 
etc 


Fat. 

CelluloBe. 

2.10 

S.IO 

•2.2rt 

S,10 

2.7fi 

4.7ri 

f).50 

7.06 

8.80 

S.ilO 

0.80 

1.10 

Mineral 
ti>alla. 


2.50 
2.60 
8.10 
a.26 
1.25 
0.90 


Thus,  of  tlio  fcreal  ^^rains,  onti*  contain,  next  to  wheat,  the  Inr^est 
proportion  of  tiitrofrenfJUfi  niattorn  ;  but  they  also  contain  a  considerable 
abundance  of  cellulose,  or  indig^estible  vegetable  tissue,  which  inter- 
fnreft  with  their  nutritive  quality  as  human  food.  Intlian  corn  i.w  esfH- 
cially  rich  in  fatty  inrrrrdierits,  while  rice  consists  niaiuly  of  starch,  and 
is  the  poorest  of  all  in  both  nitrogenouB  and  fatty  ingredients. 

Wheat  ii*  more  valuable  than  the  other  cereal  grains  for  making'- 

broad,  not  only  on  account  of   its  larger  proportion  of  albuminous 

matter,  but  also  on  account  of  the  peculiur  fjlutinous  quality  of  thin 

in|rr«'dieut,  which  is  useful  in  giving  to  the  dough  a  proper  consistency. 

In  preparing  the  wheat,  tho  grains  are  first  cleanaed  from  husks  and 

wlherent  foreign  material,  ground  into  meal,  aiid  the  finer  and  whiter 

[H>riioni*  from  the  interior  of  the  f^rain  .separateil,  by  sifting  and  bolting, 

from   the  coarser  external  parts,   or  bran.     Thus   purified,  the   flt>ur 

couisistri  of  st^ch,  gluten,  diustasi*,  <lextrine,  a  little  fat,  sometimes  u 

trace  of  sugar,  mineral  salts,  and  about  16  per  cent,  of  water,  which  is 

never  wholly  expelled  by  onliunry  drying.      For  making  into  bread,  the 

6our  is  mixed  with  about  one-half  its  weight  of  wat<'r,  and  kneaded 

into  a  flexible  dough  of  uniform  eonsisteucy.     The  next  process  is  the 

fcnnentation  of  the  dough.     For  this  pur|>ose  a  little  yea.st  is  ineor- 

porated  with  it,  and  the  mixture  allowed  to  remain  for  a  few  hours  at 

iiperature  of  about  ih""  i\     During  this  time  the  sugar  originally 

Mit  in  the  flour,  and  that  produced  from  the  starch  and  dextrine  by 

the  action  of  the  diasta.se.  pasi^es  into  fermentation  nnder  the  influence 

^the  yeast,  and  is  transfonne<I  into  alcohol  and  carbonic  acid.     The 

»hol  is  dissipated  by  evaporation  •  but  the  carb<mic  aetd.  jicneralfd 

'^10  small  ga^bubbles,  is  entangled  by  the  tenacious  gluten  of  the  flour, 

(and  the  dough  is  thus  puffed  up  into  a  spongy,  retienlated  mass.     When 

the  fermentation  of  the  dough  is  completed,  it  is  placed  in  ovens,  and 

baked  ot  a  tenifHTature  of  210'  C     The  effect  of  this  is  to  eook  the 

'glutinous  part  of  the  dough,  comnuinicaling  to  it  an  agreeable  flavor. 

and  at  the  ^ame  time  soJidifyiuiJ:  it;  so  that  the  baked  loaf,  when  cut 

I  open,  retains  its  spongy  texture.     It  is  thus  made  easy  of  ma.<?tication, 

land  readily  permeable  by  the  digestive  fluidb.     The  spongy  texture 
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acquired  by  bread  is  the  main  object  of  its  fermentation,  altbougB' 
agreeable  flavor  is  also  developed  by  the  process,  which  does  not  exist 
in  unfermt'Qled  bread.  The  interior  of  the  loaf,  in  baking,  does  not 
ri.se  above  100°  C. ;  the  exterior,  which  is  subjected  to  a  higher  tem- 
perature, becomes  covered  with  a  crust  of  partially  torrefied  starch  or 
dextrine,  and  caramelized  sugar.  The  interior  of  the  loaf  also  usually 
retains  a  little  glucose,  not  destroyed  in  the  process  of  fermentation. 
A  considerable  portion  of  the  water  which  was  mixed  with  the  flour 
remains  uniteil  with  its  organic  ingredients;  so  that  100  parts  of  floor 
will  usually  yii'ltl.  after  baking,  130  (jartg,  by  weight,  of  bread. 

Wheaten  bread  thus  prepared  haa  the  following  average  composition : 
C'nMPosiTTox  r»F  Wheatkx  Bread. 
Starnh)-  niuttfrs  (atarcli,  dextrine,  glucose)       .         .         .         56.7 

Alburainoiis  matter  (^gluten,  etc.) T.O 

Fatty  matter     . 1.8 

MinunU  matter  (calcareous,  magnesian,  and  alkaline  salts)  1.0 

Water 84.0 

100.0 
Thus,  while  bread  cont-ains  an  abundance  of  albuminous  and  .starehy 
matter,  it  is  deficient  in  fat ;  and  instinct  leads  us  to  take  with  it  butter, 
fat  bacon,  or  some  other  form  of  oleaginous  food. 

The  good  quality  of  bread,  aside  from  that  uf  the  flour  from  which 
it  is  made,  depends  mainly  on  tlie  process  of  fermentation.  If  this  be 
incomplete,  the  bread  is  heavy,  and  not  sufficiently  reticulated  in  texture. 
If  too  long  continued,  it  passes  into  an  acid  fermentation,  and  develops 
a  sour  taste.  When  properly  fermented,  the  bread  is  uniformly  light 
and  spongy,  and  has  no  acid  reaction. 

Meat. — The  muscular  flesh  of  vacious  animals  affords  the  most  valu- 
able and  nutritious  kinds  of  food,  among  which  beef,  mutton,  and  venison 
hold  the  highest  place.  The  muscular  Bbre  itself  consists  almost  exclu- 
sively of  nitrogenous  matters,  but  in  point  of  fact  the  flesh  used  for 
food  is  always  accompanied  with  more  or  less  adipose  tissue,  and  even 
when  freed  from  visible  fat,  it  always  contains,  according  to  Payen 
and  Pavy,  more  or  less  oleaginous  matter  entangled  with  its  fibres.  In 
various  kinds  of  meat,  and  even  in  that  from  different  parts  of  the  same 
animal,  the  proportion  of  fat  will  vary  considerably  ;  but  it  was  found 
by  Pavy,  in  one  of  the  best  and  moat  commonly  used  portions  of  beef, 
to  amount  to  about  5  per  cent,  of  the  whole, 

CowosiTioN  OF  Bkkf  Fuuh. 

Water 77.5 

All  luminous  raatt^r 16.0 

Fat 5.0 

Mineral  salts .  t.fi 

100,0 

The  mineral  matters  consist  of  alkaline  chlorides  and  phosphates, 
with  phosphates  of  lime  and  magnesia. 
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In  cootdug  meat  by  roarting-  or  broiling,  the  external  parts  are 
exposed  to  a  rapid  heat  of  120'^  or  130-'  C,  by  which  their  albuminous 
injcrTodicnts  are  coagulatetl,  their  coloring  mattrr  turned  brown,  and  a 
chwacteristic  flavor  developed.  The  interior,  which  does  not  rise  above 
65'  C.  remains  red  and  juicy,  its  fluids  being  protected  from  evaporation 
by  the  coagulation  of  the  outer  portions.  In  boiling,  where  the  meat 
is  cooked  by  contact  with  thu  boiling  water,  none  of  it  can  rise  higher 
than  100°  C,  but  this  temperature  may  penetrate  through  the  whole 
of  its  substance,  producing  a  uniform  decolorization.  Notwithstanding 
the  coagulation  of  the  albunnuous  litjuid^*,  the  fibrous  connective  tissues 
are  gelatinized,  and  the  muscular  flesh  thuj*  partially  softened  and  dis- 
integrate«l.  On  the  whole,  the  eflect  of  cooking  upon  meat  is  to  increase 
the  consietcncy  of  its  albuminous  ingredients,  its  principal  benefit  Ijteing 
the  attractive  flavor  developed  by  heat,  and  an  increasied  digestibility 
from  the  same  cauBe.  By  either  method,  meat  loses  in  cooking  from 
25  to  30  per  cent,  of  its  weight,  principally  by  the  escape  of  water  and 
liquefied  fat. 

Eggs. — The  eggs  of  various  animalB  are  employed  for  food,  as  those 
of  the  common  fowl,  the  duck,  goose,  turkey,  sea-fnwl.  turtles,  and  many 
fi«h.  Tho!»e  of  the  common  fowl  may  be  considered  an  rppresenling  the 
general  qualities  of  this  kind  of  nutriment.  They  consist  of  the  globu- 
*'  yolk,"  surrounded  by  a  layer  of  albumen  or  "  white."  The  cnm- 
ition  of  these  two  portions  is  nearly  the  same,  excepting  that  the 
folk  contains  a  larger  proportion  of  solids,  and  particularly  of  fatty 
matter,  which  gives  to  it  its  yellow  color  and  rich  flavor.  A  compara- 
tivo  unalvsis  of  the  volk  and  white  is  as  foUows : 


fish. 
H  gcn( 

■  'iff"* 


Composition 

of  the 

Fowl'' 

*Eoo. 
Yolk. 

Albuminous 
Fat  . 

matter 

• 

• 

16.0 

3o.r 

Minora!  tudts 

,             , 

1.8 

Water      . 

. 

. 

68.0 

loo.n 


White. 
20.4 

l.« 

78.0 

100.0 


The  mineral  matters  consist  mainly  of  sodium  and  potassium  chlorideg, 
potassium  sulphate,  and  lime  and  magnesium  phos]»h»tes.  Of  the  entire 
contents  of  the  epg,  exclusive  of  shell,  the  yolk  constitutes  one-third 
and  the  white  two-thirds.  Cooking  produces  but  little  eflect  upon  eggs 
except  to  coagulate  their  albuminous  matters,  developing  only  a  slight 
flavor  under  the  influence  uf  heat. 

Vegetables. — Of  the  diflfereut  vegetables  used  as  food,  some  are 
Valuable  for  their  starchy  and  albuminous  ingredients,  others  mainly 
for  their  Baocharine  and  watery  juices.  The  former  are  nutritious  in 
the  ordinary  sense  of  the  word,  though  much  less  so  than  bread  or 
inimal  food ;  the  latter  are  useful  for  supplying  certain  materials  con- 
tained in  fresh  vegetable  juices,  which  are  essential  to  the  maintenance 
of  health.     The  most  important  of  the  first  group  are  represented  by 
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the  potato  and  the  leguminous  seeds.    The  tuber  of  the  potato  abounds 
in  starch,  but  is  poor  in  other  nutritive  ingredients. 

OOMPOSITIOX  OF   TUK  PoTATO. 

Starch 20.0 

Albuminoas  matter 2.6 

Sagar  and  gum 1.1 

Fatty  matter 0.1 

Cellulose 1.0 

Mineral  and  vegetable  salts 1.8 

Water ^4.0 

100.0 

The  leguminous  seeds,  on  the  other  hand,  contain  an  abundance  of 
albuminous  matter,  similar  to  the  caseine  of  milk,  and  called  "  legumine.'* 

Composition  of  White  Beaxs. 

Starch      . 55.7 

Albuminous  matter 25.5 

Fatty  matter 2.8 

Cellulose 2.9 

Mineral  salts 8.2 

Water _9^ 

100.0 

The  composition  of  dried  peas  is  very  similar  to  the  above,  the 
starchy  matters  being  present  in  rather  larger,  the  albuminous  in- 
gredients in  rather  smaller  proportion.  Notwithstanding  the  abun- 
dance of  nitrogenous  matter  in  leguminous  seeds,  its  quality  is  inferior 
to  that  contained  in  the  cereal  grains.  Peas  and  beans  also  have  a 
texture  which  renders  them  comparatively  difficult  of  digestion,  and 
requires  long  boiling  to  fit  them  for  use  as  food.  The  same  is  true  of 
many  juicy  and  saccharine  roots,  such  as  beets  and  parsnips,  which 
appear  to  have  a  comparatively  soft  consistency,  but  which  neverthe- 
less need  prolonged  boiling.  The  effect  of  cooking,  upon  vegetables,  ia 
generally  to  disintegrate  and  soften  their  texture,  and  particularly,  by 
the  aid  of  heat  and  moisture,  to  bring  their  starchy  ingredients  into  a 
pasty  condition.  Raw  starch  is  nearly  or  quite  indigestible  by  man, 
and  if  taken  into  the  stomach  will  often  pass  unchanged  through  the 
bowels;  but  when  cooked  it  is  transformed  into  glucose  by  the  diges- 
tive fluids.  It  is  for  this  reason  that  starchy  vegetables  require  more 
thorough  cooking  than  most  kinds  of  animal  food. 

Beside  the  more  solid  kinds  of  vegetable  food,  many  of  the  pulpy  and 
succulent  fruits  and  herbaceous  substances  are  valuable  as  an  addition 
to  the  nutritive  regimen — celery,  lettuce,  parsley,  spinach,  with  all  the 
sweet  fruits  and  melons,  being  used  with  advantage  either  in  the  raw 
or  cooked  form.  They  introduce  into  the  system  salts  of  the  vegetable 
acids,  such  as  malates,  tartrates,  and  citrates,  the  privation  of  which 
for  a  long  time  is  one  of  the  inducing  causes  of  scurvy. 

It  is  evident,  therefore,  that  the  nutritive  value  of  any  article  of 


food  does  not  depend  on  its  coiitaining  either  one  of  the  jilimentary 
substances  in  large  quantity,  but  upon  its  containing  them  niing-led 
in  the  proportions  requisite  for  nutrition.  What  these  proportions  are 
cannot  be  determined  from  cheniicul  analysis,  nor  from  any  other  data 
than  those  of  observation  and  experiment. 

Requisite  Quantity  of  Food  and  of  its  Different  Ingredients. 
The  entire  quantity  of  food  required  per  day  varies  with  the  circum- 
stances of  the  individual,  such  as  the  aize  and  wciprht  of  the  body,  the 
'ndbvelopment  of  the  muscular  system,  the  temperature,  and  especially 
the  amount  of  physical  activity.  More  food  is  rctiviired,  on  the  aver- 
age, in  cold  than  in  warm  weather,  more  by  persons  of  a  muscular  than 
by  those  of  an  adipose  or  phlegmatic  constitution,  more  in  a  condition 
of  exertion  than  in  one  of  repose.  Even  the  proportion  of  different 
clas.-:es  of  proximate  principles  required  for  nutrition  varies  according- 
to  special  conditions.  When  the  individual  is  perfectly  healthy,  and 
can  supply  himsrlf  witii  any  kind  ot  nourishment  desired,  the  natural 
deuiandj^  of  the  appetite  afford  the  sure.st  criterion  for  both  the  quantity 
and  quality  of  food  to  Ix'  used.  But  provision  roust  often  be  made  for 
supplies  to  lost  over  a  considerable  period,  as  in  military  or  exploring' 
expeditions,  or  for  the  inmates  of  hospitals  or  asylums  where  the  diet 
roast  he  reg-ulated  to  a  great  extent  on  a  uniform  plan.  It,  therefore, 
becomes  important  to  know  both  the  quantity  and  kind  of  /bod  neces- 
sary for  the  support  of  life. 

The  standard  adopted  for  this  estimate  is  that  of  a  healthy  adult 
man,  employed  in  active  but  not  cxhaustinj?  occupation.  The  amount 
requisite  will  be  found  to  vary  in  either  direction  from  this  standard, 
according  to  the  circumstances  abovf  mentioned.  The  average  require- 
ments, ajs  given  by  different  authors,  do  not  vary  materially  from  each 
other  in  any  essential  particular.  According  to  our  own  ob^iervations, 
a  man  in  full  health,  taking  active  exercise  in  the  open  air,  and  restricted 
to  a  diet  of  bread,  fresh  meat,  and  butter,  with  water  and  coffee  for 
drink,  consumes  the  following  quantities  per  day  : 

Qtantitv  ok  Food  liKyi'iuED  I'EK  Day. 
Heat  .  .  iTyS  grammes. 

Brc'ttd  .540        '• 

ButU-r  or  fut  100 

Water  1,530 

This  represents  the  daily  quantity  of  food  and  the  proportions  of  its 
different  kinds,  when  composed  of  such  materials  as  are  most  nutritious. 
and  of  the  most  uniform  coinpositioii.  For  the  continued  maintenance 
of  health  and  strength  in  a  working  condition,  other  articles,  such  as 
freeh  Tegetables,  sugar,  milk,  fruit,  etc.,  should  be  mingled  with  the 
tkhovv,  in  a  variety  of  proportions ;  but  there  is  no  doubt  that  bread 
and  fresh  meat,  with  a  certain  quantity  of  fat,  will  prove  sufficient  for 
the  wants  of  the  system,  for  a  longer  time  than  any  other  articles  of 
food. 


130  PHYSIOLOGICAL    CHEMISTRY. 

Such  a  diet  affords  the  best  means  of  ascertaining  the  abeolnte  and 
relative  quantities  of  the  different  ingredients  required  for  food.  If  we 
take  the  average  composition  of  meat  and  bread,  and  estimate  their 
albuminous,  stfurcby,  and  saline  matters,  together  with  the  water  con- 
tained in  both  solid  and  liquid  food,  we  find  that  the  daily  ration  Is 
composed  nearly  as  follows : 

Albuminous  matter 180  grammes. 

Starcli  and  sugar 800        " 

Fat 100        •* 

Mineral  salts 20        " 

Water 3,000 

Of  the  mineral  salts,  nearly  eight  grammes  are  naturally  contained 
in  the  substances  used  for  food  and  drink ;  the  remainder  consists  of 
sodium  chloride,  artificially  added  to  the  food,  or  used  in  its  preparation. 

Tiic  proportion  in  which  the  albuminous  and  the  non-nitrogeno/us 
principles  should  be  mingled  in  the  food  is  of  considerable  importance, 
and  this  proportion  has  been  determined  within  very  accurate  limits. 
In  making  such  an  estimate  it  is  necessary  to  include  the  carbohydrates 
and  fats  under  the  same  head ;  but  the  fats  are  properly  regarded  as 
having  a  different  alimentary  value  from  the  carbohydrates.  This  de- 
pends on  the  fact  that  the  final  result  of  the  transformation  in  the  liv- 
ing body  of  all  the  non-nitrogenous  substances  is  carbonic  acid  and 
water,  thus  representing  a  process  of  oxidation,  the  necessary  oxygen 
,for  which  is  introduced  with  the  inspired  air.  But  the  capacity  for 
oxidation  of  the  fats  is  greater  than  that  of  the  carbohydrates,  as  shown 
by  the  relative  proportion  of  their  constituent  elements. 

The  composition,  by  weight.    (?  T?         ,    ,^„  2  *lfl 

r.t    *J^\,  ,nu  Aw.  -^HIO    or  in  100  parts.    H    6.17 

of  starch  lUlI,oO.)  IS  "^^^^  p  49.86 

102  100.00 

Here  the  oxygen  is  already  present  in  sufficient  proportion  to  satu- 
rate all  the  hydrogen  by  the  formation  of  water ;  while  the  44.47  parts 
of  carbon  will  unite  with  118.58  parts  of  oxygen  to  form  carbonic  acid. 
On  the  other  hand,  if  we  take  palraitine  as  representing  the  average 
constitution  of  the  fats,  we  have — 

r,  .».       ,         •  u.     ("C  612  0  76.98 

ihcc«Tnpos.,on  byweight,     \^    ^^    orin  lOOparts.     H  12.15 

of  tat(CMlI««Mis  |q    ^  o  11.92 

KOO  100.00 

Ilorc  the  oxygen  is  present  in  much  diminished  proportion  ;  and,  for 
complete  oxidation  of  the  fat,  to  form  carbonic  acid  and  water,  the  76.93 
parts  of  carbon  will  require  202.48  parts  of  oxygen,  and  the  12.15  parts 
of  hydrogen  will  need  85.28  additional,  over  and  above  the  11.92  parts 
of  oxygen  already  present.  Thus  the  quantities  of  oxygen  appropriated 
during  complete  oxidation,  by  starch  and  fat  re.'iiMJctively,  are  as  fol- 
lows: 


PooiT^^^^^^^^^^^^^    131 

OttgKS  KEQl-UtED  FOB  THE  CoMFLETK  OxiOATlO.V  OF 

10(>  parU  of  Htanli llS.fifl 

'•  "        fot     .         .         .  ....        287.76 

A  fatty  substance,  therefore,  has  a  capacity  for  the  production  of 
carbonic  acid  and  water,  by  oxidation,  about  2.4  times  greater  than 
that  of  starch.  In  estimnting,  accordingly,  the  recjuiHite  quantity  of 
all  the  non-nitrogenous  matters  taken  together,  the  fat  is*  calcidat^d  as 
starch;  one  part  of  fat  being  reckoned  as  2.4  parts  of  stfireh.  This 
quantity,  added  to  that  of  the  carbohydrates  in  the  food,  Ib  rulled  the 
**  starch-equivalent  "  of  the  non-nitTo»:eiJOUs  matters. 

Hut  if  we  compare  the  consumptioir  of  non-nitrogenous  substances, 

on  this  Im^]^,  with  that  of  albuniinouri  matter,  the  latter  should  also  bo 

Lreduced  to  its  "starch-equivalent."      After  eliminating  from  albumen 

[all  ita  nitrogen  under  the  form  of  urea,  its  remaining  constituents  still 

ive  a  higher  capacity  for  oxidation  than  a  corresponding  weight  of 

^Starch;  the  exact  relations  of  the  two  being  as  follows: 


OxY«EK  UK(jmRKD  FOB  THK  CoMPT.ETE  OxlDATION  OF 

IW^  parts  of  !<tarol) 1 18.58 

"         "       allumien    .......  154.07 


h> 


Albumen,  consequently,  without  its  urea,  has  a  capacity  for  oxidation 
.3  tiines  as  great  as  that  of  starch. 
When  compared  in  this  way.  the  albuminous  matters  are  found  to 
^eonBtitut4'  22  per  cent.,  and  the  non-nitrogenons  matters  78  per  cent. 
hof  the  entir«'  food;  that  is,  the  quantity  of  non-nitrogenous  matter  is 
that  of  albuminous  matter  as  3.55  to  1. 

This  proportion  varies  to  some  extent  with  the  age  and  condition  of 

the  individual..     In  human  milk,  which  nt  first  forms  the  exclusive  food 

)f  the  infant,  according  to  \hv  average  analy.ses  of  Simon,  Vernois,  and 

;c«iuerel.  as  given  by  Milne  Edwards,  the  non-nitrogenous  matters  are 

the  albuminous  ingredients  as  2.27  to  1.     In  cow's  milk,  upou  which 

'the  young  calf  is  sustained,  the  proportion  is  2.52  to  1  ;  while  in   hay 

[and  green  grass,  the  food  of  tht*  adult  animal,  it  is  7.14  and  9.01  to  1. 

?hv  Urger  proportion  of  albuminous  matter  in  the  food  at  an  early  age 

fis  evidently  connected  with  the  growth  then  taking  place.     As  the 

•Ibuminons  matters  constitute  the  larger  part  of  the  solid  ingredients 

of  the  body,  the  increase  in  wi'iy^ht  during  the  growing  period  demands 

a  corresponding  supply  of  these  substancesi  in  the  food. 

There  is  also  evidence  that  the  requisite  proportion  of  nitrogenous 
natter  varies  with  the  amount  of  phy.^ical  activity.  A  condition  of 
bare  subshilenee  may  be  maintiiined  upon  a  diet  in  which  the  albumin- 
Otis  sul>stances  are  in  smaller,  and  the  non-nitrogenous  matters  in  larger 
proportion ;  but  when  the  system  is  called  upon  for  a  greater  amount 
of  muscular  exertion,  the  proportion  of  albuminous  matters  must  Ije 
ioereaBed.  This  is  well  knnwn  in  rejrard  tn  horses  and  working-cattle 
gaDeially.    In  a  state  of  comparative  inactivity  they  may  be  supported 
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maiQlj  upon  jjrass  or  hay,  in  which  the  proportion  of  nitrojerenons  to 
non-nitrogonoufl  matter  is  not  more  than  1  to  7.14 ;  but  when  omployed 
in  active  labor  they  require  a  libera!  supply  of  oats,  in  which  the  pro- 
portion is  as  1  to  5.49.  In  Playfair's  diet  tables,  which  were  collected 
from  a  variety  of  i^ource.'*,  inclmling  thoise  of  pris^ons  and  infirmaries, 
those  of  the  American  and  European  armies  during  peace  and  in  active 
service,  and  of  certain  hard-working'  laborers,  the  increase  of  albuminous 
matter,  with  incrt^ased  labor,  is  a  marked  feature.  While  in  a  bare 
subsistence  diet  the  proportion  of  albuminous  to  non-nitrogenous  matter 
is  as  1  to  4.52,  in  that  of  active  laborers  it  i.s  aa  1  to  3.34.  The  follow- 
ing  table  will  ahow  the  relative  increai^e  of  the  two  kinds  of  food  under 
different  cunditions  of  exercise,  as  calculated  from  Playfair's  data. 

Relative  Inckease.  itnder  DiFFEnKST  OnN'niTioxs,  op  Albuminotts  ahh  Nos- 
NiTUoQENoLs  Matteks  IX  THE  Food. 

Albuuiliious  Non-nitrogenou* 
malfer.  mat4er. 

Bare  siibsisteni-e  diet         ....         loO  100 

Full  diet  with  inoclerate  exercise        ,  180  147 

1  Met  of  iu-rive  la1>orer  233  166 

I>iet  of  hurd-worked   laborer  242  169 

Thus,  in  passing  f^om  a  bare  BmbniBtence  diet  to  that  of  the  hard* 
worked  laborer,  the  non-nitrogenoup  matter  of  the  food  is  less  than 
doubled,  while  the  albuiniuou.s  matt^if  is  considerably  more  than 
doubled. 

As  thesTC  iVwt  tables  were  adopted  by  various  civil  and  miUtary 
authorities  as  the  result  of  experience  in  the  practical  adaptation  of 
food  to  the  amount  of  work  performed,  the}-  may  be  regarded  as  ex- 
pressing with  great  approxiitiation  to  certainty  the  physiological 
requirements  under  diflerent  conditions.  They  are  corroborated  by 
the  variation  in  diet  adoptud  in  the  convict  establishments  of  Great 
Britain,  as  given  by  Pavy.*  In  the  change  from  "  Light-labor  Diet'' 
to  "  Hard-labor  Diet,"  while  the  non-nitrogenous  food  is  increased  only 
13.37  per  cent.,  the  albuminous,  food  is  increased  16.15  per  cent 

It  is  also  a  matter  of  interest  to  determine  the  quantity,  source,  and 
destination  of  the  different  chemical  ehments  entering  into  the  compo> 
sition  of  the  food.  Taking  the  average  composition  of  albuminous 
matters,  fat,  and  carbohydrates,  we  find  that  a  man  under  ordinary  full 
diet  takes  into  his  system  daily  the  constituents  of  the  food,  in  round 
numlx^rs,  as  follows: 

Daily  Consumption  in  the  Food. 

Albominons  matter,  180  grununea,  containing    70 
Starch  3()0  "  "  134 

Fat    .  100  "  "  _76 

280 


H 

0 

N 

8 

10 

20 

20 

1 

18 

148 

40 

189 

*0n  Food  and  Dietetics,     PhiladelpbTit  edition,  1874,  p.  438. 
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>r  thflse  elementary  bodies,  t-arbon  and  nitrogen  are  considered 
especially  important  ;  carbon  as  forming  the  niOHt  abundant  and  cbar- 
^teri«tic  ingredient  of  all  organic  combinations,  and  nitrogen  as  the 
listinguishiug  element  of  albuminous  wulwtances.  Of  these  two,  the 
system  re<iuire8  daily,  in  an  active  eondiTion.  about  20  grammes  of 
fnitrogen  and  about  280  grammes  of  carbon.  Tbij?  alone  maken  it 
trident  that  a  mixed  diet  of  animal  and  vegetable  food  is  the  most 
kvnjlahle  for  man.  Meat  contains,  according  to  Payen,  3  per  cent,  of 
nitrogen  and  11  per  cent,  of  carbon.  Conj^equontly,  if  the  diet  were 
couip<i!*ed  exclusively  of  this  food,  the  necessary  quantity  of  nitrogen 
rould  be  supplied  by  666  grammes  of  njeat ;  but  in  order  to  obtain  the 
squired  carbon,  2,545  gramraep  wotilrl  need  to  Ix*  consumed,  thus  in- 
rolving  a  waiJte  of  it.s  nitrogenous  matter.  On  the  other  hand,  bread, 
the  most  nutritiou?  of  vegetable  t<ubstanceH,  contains  1  [)or  cent,  of 
litrogen  and  30  per  cent,  of  carbon.  Therefore,  if  thig  were  the  only 
used.  933  grammes  would  be  sufficient  to  supply  all  the  carbon ; 
)ut,  in  order  to  obtain  the  due  amount  of  nitrogen,  it  would  be 
lecessary  to  consume  2,000  grammes.  A  mixture,  accordingly,  of  the 
kinds  of  food,  in  which  nitrogenous  and  hydrocarbonaceous  matters 
:tively  preponderate,  is  best  adapted  to  supply  the  wants  of  the 
sm  without  unnecessary  expenditure  of  material. 
The  changes  undergone  in  the  body  by  the  ingredients  of  the  food, 
and  their  final  destination,  vary  for  different  kinds.  The  carbohydratea 
no  doubt,  after  serving   their  purpose  in  the  animal  economy,  are 

Kually  expelled  under  the  form  of  carbonic  acid  and  water.  The 
xygen,  introduced  with  the  inspired  air,  produces  this  result  by  unit- 
)g  with  the  carl)on  of  the  organic  body,  while  its  hydrogen  and  oxygen, 
Iready  present  in  the  relative  quantities  to  produce  water,  are  liberated 
under  that  form.     This  result  is  expressed  by  the  following  formula : 

starch.  Carbonic  acid.    Water. 

c.n„.o»  4-  o„  =  fi(rc>.)  +  n(n,o). 

Thus  the  change  undergone  by  starch  and  allied  substances  in  the 
animal  body,  where  they  are  consumed,  is  precisely  the  reverse  of  that 
taking  place  in  the  act  of  vegetation,  by  which  they  are  produced. 

For  the  fats   the  change  is  a  similar  one,  their  only  final  prod- 
leta,  so  far  &s  we  know,  being  carbonic  acid  and  water.     Bnt  for 
they  require,  as  already  mentioned,  a  greater  supply  of  extra- 
oxygen,  since,  beside  their  larger  proportion  of  carbon,  they 
il.*o  coutain  hydrogen  which  requires  further  oxidation,  to  form  water, 
'be  change  thus  undergone  by  fatty  substances  may  be  expressed  as 
)llow8 : 

Fat.  Carbonic  add.       Water. 

C„H«0,  +  Om.  =  61(00.)  -f  49(H,0). 

In  the  case  of  albuminous  matters  the  process  is  a  different  one. 

gubgtances  contain  an  element,  namely,  nitrogen,  which  does  not 

in  the  carbonic  acid  and  watery  vapor  of  the  expired  breath, 
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but  forms  a  distinguishing  constituent  of  the  crystallizable  matters  of 
the  urine.  Of  these  matters,  urea  is  by  far  the  most  abundant,  and 
fully  five-sixths  of  the  nitrogen  taken  in  with  the  food  reappears  as  mi 
ingredient  of  urea,  while  the  remainder  is  included  in  the  creatinine 
and  uric  and  hippuric  acids  of  the  urine,  and  in  the  excrementitioas 
substance  of  the  feces. 

There  is  evidence,  however,  that  albuminous  matters  also  take 
part  in  the  formation  of  carbonic  acid ;  that  is,  although  all  their  nitro- 
gen is  discharged  under  the  form  of  urea  and  other  similar  combina- 
tions in  the  urine  and  feces,  all  their  carbon  does  not  appear  in  these 
excretions,  and  must  pass  out  by  some  other  channel.  While,  as  we 
have  seen,  130  grammes  of  albuminous  matter  are  taken  daily  with  the 
food,  containing  70  grammes  of  carbon,  only  35  grammes  of  urea  are 
discharged  during  the  same  time,  containing  7  grammes  of  carbon ;  and, 
according  to  the  most  accurate  analyses,*  not  more  than  23  grammes 
are  discharged  daily  by  both  the  urine  and  feces  together.  This  leaves 
unaccounted  for  about  47  grammes  of  carbon,  or  two-thirds  of  the 
original  quantity,  which  must  pass  out  from  the  body  under  some  other 
form  of  combination.  The  same  thing  is  true,  to  a  considerable  extent, 
of  ttio  hydrogen  of  these  substances,  of  which  10  grammes  are  intro- 
duced daily  with  the  albuminous  matters  of  the  food,  while  not  more 
than  5  or  G  grammes  are  discharged  in  organic  combinations  with  the 
urine  and  feces.  The  albuminous  matters,  therefore,  not  only  give  rise 
to  the  elimination  of  urea,  but  also  contribute  to  the  production  of 
carbonic  acid  and  water. 

The  manner  in  which  this  takes  place  is  probably  by  the  separation 
of  some  of  the  elements  of  albumen,  in  the  form  of  urea,  while  the 
remainder  are  left  behind  as  a  non-nitrogenous  substance.  If  we  adopt, 
for  the  constitution  of  an  albuminous  body,  exclusive  of  its  sulphur, 
Lieberkiihn's  formula,  C7,Hii2N,sOjs,  and  take  away  from  it  all  the  nitro- 
gen in  the  form  of  urea,  a  substance  will  remain  analogous  in  composi- 
tion to  a  fat,  thus — 

Albumen 

9  Urea  (CH4N,0)        .... 

The  remaining  substance  may  then  undergo  complete  oxidation 
without  the  further  production  of  a  nitrogenous  compound.  This 
double  result  of  the  decomposition  of  the  albuminous  substances,  to- 
gether with  the  fact  that  we  take  habitually  three  or  four  times  as 
much  non-nitrogenous  as  nitrogenous  matter  in  the  food,  will  explain ' 
the  preponderance  of  carbonic  acid  as  an  excretion  over  urea.  For 
while  the  average  daily  quantity  of  urea  is  only  35  grammes,  the 
carbonic  acid  exhaled  with  the  breath  amounts  to  from  700  to  800 
grammes;  the  quantity  of  carbonic  acid  produced  being,  by  weight, 
fully  twenty  times  as  great  as  that  of  the  urea.     Urea  is  a  nitrogenous 

*  Banke,  Griindzuge  der  Physiologie  de8  Menschen.     Leipsig,  1872,  p.  298. 
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substance  separated  by  decomposition  from  the  albuminous  ingredients 
of  the  system ;  while  carbonic  acid  represents  its  remaining  carbona- 
ceous elements  in  union  with  oxygen  introduced  by  the  breath. 

The  quantities  of  the  various  substanccK  taken  with  the  food  and 
discharged  with  the  excretions  are  liable  to  many  variations  from  the 
changing  condition  of  the  individual.  If  the  body  be  increasing  in 
weight,  the  substances  introduced  will  be  more  than  those  discharged ; 
if  it  be  diminishing,  the  material  discharged  will  be  more  than  that 
introduced.  Even  in  the  healthy  adult,  whtsre  the  body  does  not 
sensibly  gain  or  lose  for  long  intervals,  observation  has  shown  that 
thore  are  frequent  fluctuations  of  small  extent,  and  that  the  income  for 
any  single  day  rarely  counterbalances  exactly  the  outgo  for  the  same 
period.  Consequently  the  preceding  tables  cannot  be  takeit  as  furnish- 
ing, in  any  case,  a  uniform  and  invariable  standard,  but  only  as  showing 
what,  on  the  whole,  are  the  relative  quantities  of  the  ingredients  of 
the  food  and  the  bodily  frame.  Although  we  are  not  yet  able  to 
determine  all  the  changes  which  they  undergo  in  the  system,  there  is 
no  doubt  of  the  main  result  produc(td  by  their  transformation.  On  the 
one  hand,  we  have  certain  nutritious  substances  introduced,  and,  on  the 
other,  certain  excrementitious  products  discharged,  forming  a  double 
Beries,  which  may  be  expressed  as  follows : 

IXTRODFCKD  WITn  TUB  FoOD.  DlSOUAROED  WITH  TOE  EZCRBTIONB. 

Albnininous  luutter.  Uroa. 

Fat.  Carbonic  acid. 

Carbohydrates.  Water. 

This  represents  the  decomposition  and  metamori)ho8i8  of  the  organic 
eubstances  proper ;  while  the  mineral  ingredients  of  the  food,  as  a  rule, 
pass  through  the  system  unchanged. 


SECTION  II. 

FUNCTIONS  OF  NUTRITION. 


CHAPTER   I. 
BI0E8TI0N. 

THE  first  act  in  the  process  of  nutrition  is  that  by  which  the  food  is 
liquefied  and  made  capable  of  absorption.  Animals  and  man  require 
for  their  sustenance  organic  materials ;  that  is,  substances  which  have 
already  formed  part  of  organized  bodies.  When  taken  as  food  these 
matters  are  almost  invariably  solid  or  semi-solid,  and  insoluble  in  water. 
The  alimentary  constituents  of  meat,  grain,  herbage,  and  vegetables  are 
mainly  solid  in  form ;  and  even  the  nutritious  substances,  naturally  fluid, 
such  as  milk,  white  of  egg,  and  other  albuminous  liquids,  are  usually 
more  or  less  solidified  by  cooking,  when  used  for  human  food.  These 
substances,  accordingly,  before  they  can  be  taken  up  by  the  blood- 
vessels, and  made  available  for  the  nourishment  of  the  tissues,  need  to 
be  reduced  to  a  soluble  condition.  The  preliminary  act,  by  which  this 
is  accomplished,  is  the  process  of  digestion. 

While  there  are  many  variations  of  detail  in  the  digestive  process, 
according  to  the  structure  and  habits  of  different  animals,  its  essential 
features  are  everywhere  the  same.  The  food  is  taken  into  a  canal, 
running  through  the  body  from  mouth  to  anus,  known  as  the  "ali- 
mentary canal."  exhibiting,  at  various  points,  enlargements,  con- 
strictions, or  diverticula,  and  receiving  the  secretions  of  various 
accessory  glands.  While  passing  through  this  canal  it  comes  in 
contact  with  certain  digestive  fluids,  secreted  by  the  mucous  membrane 
of  the  canal  and  by  the  accessory  glands, — which  act  upon  it  in  such  a 
way  as  to  liquefy  its  ingredients,  or  olherwise  modify  their  physical 
condition.  As  the  alimentary  mass  passes  from  above  downward, 
urged  by  the  muscular  action  of  the  intestine,  its  liquefied  parts  are 
removed  by  absorption ;  while  the  remainder,  consisting  of  the  indi- 
gestible portions,  with  the  refuse  of  the  intestinal  secretions,  gradually 
acquires  the  consistency  of  feces,  and  is  finally  discharged  under  that 
form  from  the  intestine. 

The  alimentary  canal  varies  in  different  animals,  according  to  the 
comparative  development  of  its  different  parts.  In  herbivorous 
animals  generally,  it  is  longer  and  more  complicated  than  in  the 
camivora.     In  man,  where  it  holds  an  intermediate  position  in  this 
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respect,  it  is  about  nix  times  the  Jongth  of  th(»  body.     Its  principal 

divisions,  fnuiucrnti-'d    from   above    downward,  are :    the   mouth,  the 

pharynx,  the  cesophagus,  the  k*.     .>n 

:itoinach,  the  small  intestine, 

and  the  large   intcgtine.     At 

its  commencemout  (Fip.   20) 

is   thp   cavity  of  the    mou/h, 

which    communicates,   inime- 

diatcdy    beyond    the    faui-es, 

with  the  pharynx.     Prora  tho 

pharynx,   a  straight    tubular 

c«nal,    the    cesophagui?     (o), 

Iftads  directly  to  the  stomach 

(b),  a  flask-.Hhapcd  expansion, 

stirrounded  at  its  cardiac  and 

pyloric    orifices    (c,    d)    by 

t^pecial     bands    of    muscular 

fibres.       Then     follows     the 

Uaall  intetsttne  (e),  different 

parts  of  which,  owinn?  to  cer- 
tain difTerenct's  in  size,  struc- 
,lhPP^or  convolution,  bear  the 

^tfjfw  of  duodenum,  jcjuiiunj, 

And  ileum.     In  the  uiiperniost 

division,  or  duodenum,  are  the 

orifices  of  the  biliary  and  yan- 

creatie  ducts  {/,  g)      Lastly, 

comes  the  large  inlesUne  (h, 

i,j,k)  separated  from  the  pro- 

eeding  by  the  ileo-caecal  vulve, 

and  ti?rniinating  at  the  anus, 

where  it  is  provided  with  a 

double  sphincter  muscle  puard- 

ihg  its  orifice.     Everywhere 

the  alimentary  canal  is  com- 
posed of  a  raucous  membrane 

and  a  muscular  coat,  with  a 

layer  of  connective  tissue  l»e- 

IwetMj  the  two.  The  muHrulur 
kt  con^ij^ts  of  a  double  layer 
longitudinal  and  tran.sverse 

fibres,   by  the   alternate  con- 

Inctiou  and  relaxaticvu  nf  which  the  food  is  curried  tliroujjh  the  canal 
''from  above  downward.     The  uiucoub  membrane  prewnts  a  different 

structure  in  different  parts.     That  of  the  mouth  and  oesophagus  is 

smooth,  with  a  hard,  white,  te?.se]!ated  epithelium,  which  terminates 

abruptly  at  the  cardiac  orifice  of  the  stoiuaeli.     The  mucous  merabrani^ 
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Stomaiii.  0.  (^unlliic  oriA('«.  4.  Pylorus,  r.  Small 
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ceiiiUog  colon,  i.  Tmnaven*  colim.  /  Dcscf  ndlng 
«.-oloD.    4^  Rectum. 
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of  the  paBtrie  cjiA'ity  is  soft  and  trlantlular,  covered  with  transpareot, 
columuar  e|jithflitim,  and  thrown  into  miuutL'  folds,  often  reticulated 
with  cncb  other.  In  the  snmll  intestine  it  presents  larger  transverse 
folds,  known  as  "valvnla*  <*r)nnivente8,"'  is  covered  with  viilosities 
of  various  forms,  and  contains  throughout  an  abundance  of  tubular 
follicles.  Finally,  in  the  large  intestine  the  mucous  membrane  is 
sinootli  and  phiniu^',  free  from  viilosities,  and  provided  Vitb  a  gland- 
ular apparatus  <lilTorent  from  that  of  the  preceding  parts. 

The  accessory  ^'landular  organs  of  the  digestive  apparatus  are  the 
salivary  glands  counnunieating  with  the  cavity  of  the  mouth,  and  the 
livrr  and  tin-  pancreas  couuected  with  the  duodenum. 

The  digesfirejiuith,  derived  from  thest-  sources,  arc  five  in  number; 
namoly,  Ist,  the  saliva  secreted  by  the  salivary  glands,  and  discharged 
into  the  mouth  ;  2d,  the  gastric  juice,  supplied  by  the  muct)U8  mera- 
briine  of  the  stomach;  3d,  the  paucrt'alic  juice,  produced  by  the  pan- 
orcaa,  and  conveyed  through  its  duet  into  the  duodenum  ;  4th,  the  bile 
su[)plied  by  the  liver,  and  also  discharged  into  the  duodenum ;  and, 
5th.  the  intestinal  juice  secreted  by  the  glandules  of  the  small  intestine. 
Tliese  fluids  have,  in  general,  certain  well  marked  characters,  by  which 
they  are  readily  distinguished  from  each  <ith«'r,  and  which  indicate  cor- 
responding differences  in  their  phytsiological  properties.  At  the  same 
time  each  one  is  a  compound  .secretion,  containing  various  orcranic  in- 
gredients, the  product  of  different  phys^iological  act>i.  Thus  the  three 
pairs  of  salivary  glands  and  the  buccal  follicles  unite  tlu-ir  secretions 
to  form  the  saliva  of  the  mouth  ;  the  gastric  juice  contains  an  organic 
ferment  and  a  free  acid,  both  essential  to  its  physiological  activity, 
and  produced  in  the  stomach  by  dissimilar  Kccrctory  o|H'rotions ;  the 
pnncreatte  juice  contains  no  less  than  three  difTerent  albumenoid  mat- 
tt-rs;  and  the  bile  is  equally  complex  in  the  number  and  quality  of  it« 
ingredients.  This  is  a  general  feature  of  the  secretions  l>elonging  to 
the  digestive  apparatus. 

It  is  the  aim  of  the  physiologist  to  ascertain  the  constitution  and 
projM'rties  of  each  digestive  fluid,  and  to  learn,  if  possible,  its  action 
on  the  ingredients  of  the  food.  For  this  purpose,  the  method  of  ex- 
periment by  artificial  fist»da>  has  Ix-en  lartrely  used,  and  with  very 
valuable  results.  By  inserting  a  silver  catinla  into  the  parotid  or  suli- 
maxillary  duct,  in  various  animals,  the  secretion  of  either  gland  may 
be  obtained  without  admixture  froui  other  sources.  A  fistula  of  the 
stomach,  established  through  the  abdominal  walls,  supplies  us  with 
gastric  juice,  and  similar  methods  have  l>een  atloptrd  with  the  gall- 
bladder and  the  pancreatic  duct.  By  this  means  the  time,  rapidity,  and 
quantity  of  each  secretion  i.s  ascertained,  hs  well  as  its  variations  under 
external  or  internal  influences.  The  digestive  flnidsof  different  animals 
are  com[mred  witli  each  other,  and  with  those  obtained  by  accidental 
fi.^ttl]a^  in  man.  Lastly,  the  secretions  are  placed  in  contact  with 
different  alimentary  substances,  in  flasks  or  test  tubes,  at  the  tempera- 
ture of  the  body,  and  their  action  investigated  by  the  mode  of  artificial 
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dijjeRtion.  It  appears  from  theBc  exporinients,  in  general  terms,  that 
each  di^rcstive  fluid  has  not  only  an  artion  of  its  own,  Jmt  that  each 
one  of  its  iaj^redients  contributes  in  a  Bpecial  way  to  the  digestive 
proccHB. 

Beside  the  usp  of  artificial  fiBtulee  there  is  still  another  method  for 
the  oxperimental  study  of  the  digestive  fluid?.  It  is  hasrd  on  the  fact 
that  the  principal  organic  injij:redient  of  a  secretion  ij-  in  mo>Jt  iii?tftnc<'» 
produced  in  the  !*olid  8ubsta.uce  of  the  iiHund,  and  may  Ik?  extracted 
1*7  proper  t*olvents  from  its  tb^sue.  To  the  solution  thus  obtained. 
the  needed  acecBsory  inirredients,  .=<uch  a.s  inline  luatters,  or  dihile  acids 
cr  alkalicH,  are  added,  and  an  artificial  digestive  fluid  thu^  produced. 
{similar  in  mo.st  respects  to  the  naturul  one.  It  is  then  .-iuhjected  to 
examination  in  repard  to  its  influence  on  alimentary  substances.  This 
method  ha^  received  a  wide  exteu.siou  of  late  years  with  the  u>-e  of 
glyt^erine  as  a  convenient  menstruum  for  the  extraction  of  glandular 
products.  It  has  been  the  source  of  much  important  information,  but 
its  results  need  to  be  verified,  in  every  instance,  by  examination  of  the 
normal  secretion  in  the  livinjr  miinoil. 

The  digestive  fluids  and  their  mode  of  action  are  eHpecially  eharae- 
terized  by  the  presence  of  yip/' wie?}^^.  In  every  instance  where  their 
dij^tivc  function  is  plainly  evident,  xtfi.  dependence  on  the  a^-tivity  of 
B  ferment  is  equjiUy  unmistakable.  In  experimental  digestions,  with 
either  the  normal  secretion,  or  artificial  extracts,  all  the  conditions  of 
moisture,  temperature,  degree  of  concentration,  and  the  like,  requisite 
for  the  operation  of  organic  ferments,  must  be  maintained  ;  and  when 
gach  an  experiment  is  suepe,';.«fully  carried  out,  the  ijuuntity  of  ali- 
roentjiry  material  digested  Is  far  greater  than  that  of  the  orgranic 
ingredient  which  produces  the  elTect. 

The  nature  of  t,?ie  change  caused  by  digestion  in  the  alimentary 
8u1>staiices  is  partly  physical  and  partly  chemical.  But  although  this 
change  is  indispen>able  for  the  ab.-.orj)tion  nf  these  substances  in  due 
quantity,  it  does  not  consist  in  any  profound  alteration  of  their  chemi- 
cal characters.  The  alimentary  materials  are  not  decomposed,  nor 
converted  into  substances  of  a  dilTereiit  kiiul.  They  are  simply  trans- 
formed into  soluble  materials  of  the  same  eliiss  with  themselves.  The 
carbohydrates  after  digestion  remain  cnrhohydrates.  the  albumenoid 
matter!*  are  still  Hllmtnenoids,  and  the  fatty  substances  retain  the  chem- 
ical proiKTties  «)f  the  fats.  The  transformation  nf  ntareh  into  glucoi+e 
by  the  digestive  prrx-ess  is  an  act  •►f  hydration,  which  iiiny  be 
accomplished  by  continued  boiling  with  water  and  a  mineral  aeid 
outside  the  body  Albuminous  matters,  in  digestion,  are  converted 
into  peptones.  This  change  is  also  regarded  as  a  hydration,  and  it 
has  further  b+^^n  shown  that  albumen  may  be  made  to  undergo  a  sim- 
ilar transformation  by  long  boiling  in  acidulated  water,  or  by  boiling 
at  a  high  temiHrature  under  pressure.  Thus  the  animal  ferments,  in 
the  alimentary  canal,  act  by  indueing  rapidly,  at  the  temperature  of 
the  body,  changes  which  w  ould  otherw  Ue  require  a  longer  time  or  more 


140 


FUNCTIONS    OF    NUTRITION. 


powerfiil  agenciea.  Lastly,  the  fatty  substancps  are  reduced  to  a  state 
of  emulsion,  and  iu  this  condition  diffused  through  the  digestive  fluids. 
This  effect,  which  is  mainly  due  to  the  contact  of  nu  albuminou.^  liquid, 
may  be  aided  by  n  partial  acidiBcation  and  saponification  ;  but  the  prin- 
cipal mass  of  the  fat,  in  undergoing  the  digestive  process,  only  assumes 
the  form  of  a  chylous  emulsion.  AH  the  alimentary  substances  are 
accordingly  made  ready  for  abBorption,  without  losing  the  e^tsential 
features  of  their  chemical  cont^titution. 

In  the  following  pages  the  proptTties  of  the  digestive  fluids  will  be 
considered  in  detail,  together  with  the  action  exerted  upon  the  food  in 
different  parts  of  the  alimentary  canal. 

MasticatioiL 

The  process  of  mastication,  which  takes  place  in  the  mouth,  consists 
of  a  mechanical  trituration  of  the  food  by  the  teeth.  At  the  same  time 
it  is  mingled  with  the  saliva,  which  is  so  worked  into  the  alimentary 
mass  as  to  reduce  it  to  a  pasty  condition.  By  this  means  the  solid 
substances  of  the  food,  finely  divided  and  thoroughly  moistened,  are 
rendered  susceptible  to  tht?  action  of  the  digestive  fluids.  Food  swal- 
lowed either  in  large  masses  or  in  a  dry  condition  would  be  slowly 
afl'octed  by  the  alimentary  secretions,  and  would  be  consequently  diffi- 
<Milt  of  digestion  ;  but.  when  comminuted  and  softened  by  mastication, 
it  presents  a  large  surface  of  contact  and  a  ready  permeability,  favor- 
alile  to  the  pronijtt  action  of  the  digestive  solvents. 

The  form  of  the  teeth  and  their  physical  action  vary  in  different 
animals  according  to  (he  nature  of  their  food;  being  adapted,  in  the 
carnivora,  mainly  for  wounding  and  lacerating ;  in  the  rodentia  for 
gnawing  and  cutting,  and  for  grinding  in  the  hi'rbjvora.  In  man  they 
are  adapted  for  a  mixed  diet  of  animal  and  vegetnbte  food,  and  com- 
bine a  general  resemblance  to  each  other,  with  certain  special  characters 
in  different  purts  of  the  mouth.  The  incisors,  four  in  nuralier.  in  each 
jaw,  are  more  or  less  chisel-shaped,  with  a  cutting-edge  running  from 
side  to  sidi'.  They  are  useful  in  separating  front  a  muss  of  food  the 
proper  quantity  to  be  taken  into  the  mouth.  The  canine  teeth,  one  on 
each  side,  in  each  jaw,  placed  immediately  behind  the  former,  are  some- 
whiit  pointed  iu  form,  and  are  immediately  followed  liy  the  two  anterior 
molars,  which  urn  thicker  and  t^tronger.  Fiuully,  the  three  posterior 
molars,  on  each  side  of  each  jaw,  complete  the  dental  nrch  posteriorly. 
They  are  the  largest  and  strongest  of  tho  set,  firmly  planted  in  the 
jaw,  and  present  upon  their  free  extremity  a  uuniljer  of  conical  and 
ridge-like  elevations,  separated  by  shallow  furn>ws.  They  are  espe- 
cially adapted,  by  their  form,  size,  and  situation,  for  the  comminution  of 
resisting  substances,  and  they  perform,  with  the  anterior  molars,  the 
main  part  of  the  work  of  mastication.  The  enamel  which  covers  the 
crowns  of  all  the  teeth,  and  which  is  the  hardest  substance  in  the  body, 
protects  their  substance  from  injury,  and  euables  them  to  exert  the 
necessary  physical  action  upon  the  food. 
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NotwitbstaDilinpr  the  simple  character  of  the  niRHticatory  act,  it  is 
ono  of  trreat  practifal  importnni'e.  If  hurrictlly  or  imperfectly  per- 
formed, it  leavers  the  food  in  a  friide  t\n<\  intractable  cuiulitiim,  liable  to 
CHU^e  siihstK|ueut  di.sturbauce  in  the  digestive  process.  It  is  a  necessary 
prr-lioiinarv  for  the  more  cnmplicatod  physiolog-ical  changes  to  take 
place  in  the  remainder  ^f  the  alimentary  canal. 

Saliva. 

Thr  saliva  is  a  compound  fluid,  derived  from  thf  secretion  of  four 
different  glandular  organs — namely,  the  parotid,  submaxillary,  and  sub- 
liDgual  glands,  and  the  muciparous  glandules  of  the  mouth.  The 
glands  have  a  general  rescmblatice  to  each  other 
in  structure,  being  compns^t'd  of  distinct  irreg- 
ularly ovoidal  masses,  more  or  less  flattf-ned 
into  a  polygonal  form  by  mutual  cnmpressioii. 
These  masses  or  lobules  are  connected  wH!i 
corresponding  branches  of  the  salivary  diuM, 
which  ]>enetratp  into  their  interior,  and  tbtri- 
divide  into  smaller  tubes,  each  mw  of  uhich  Wr- 
mioates  in  a  rounded  sac  willed  the  cjlantiulnr 
follicle  or  alveolus.  The  appearance  presenlcii 
upon  an  injection  of  .such  n  lobule  is  as  if  thi; 
follicles  were  arranged  ifi  clusters,  like  grap4's, 
around  the  ends  of  the  smaller  salivary  tulK's, 
(Pig.  21.)  A  more  complete  examination  has 
«hovrn.  however,  that  \\w  follicles  are  simply 
the  rounded  extremities  of  tubulnr  or  .sac-like  oil'shoots  from  the  sali- 
vary tulK",  and  that  it  is  the  windings  and  jtrolongations  of  the  tube 
which  con.stitutes  the  secreting  follicles  of  the  gland.  The  follicles  are 
in  general  about  50  mmm.  in  diameter,  and  are  lined  with  (jlandular 
epithelium  cells,  vvhicii  cover  their  internal  surface  and  nearly  Hll  their 
cavity;  so  that  there  is  often  (tnly  a  small  space,  towiird  the  central 
part  of  the  follicle,  containing  a  transparent  fluid  produced  by  thi' 
secreting  action  of  the  cells.  The  (N'Hs,  which  are  arranged  in  a 
single  layer,  are  finely  trranular  bodies,  about  15  Miniin,  in  diameter, 
each  with  an  oval  nucleus,  situated  toward  the  exteriuil  part  of  the 
follicle.     They  are  closely  packe<l  together  in  various  polygonal  fornu*. 

The  snlivary  titlten  or  fluct»,  outside  the  follicUs,  unite  into  lar^-er 
branches,  until  they  reach  the  principal  excretory  duct.  They  are  lined 
with  cells  which  difler  in  form  from  those  of  the  follicles,  being  elon- 
gated and  cylindrif'al,  each  with  a  nucleus  situatetl  about  its  middle 
portion.  It  is  probable  that  the  epithelium  t»f  iln-  salivary  ducts,  as 
Well  ap  that  of  the  follicles,  takes  part  in  the  process  of  secretion  ; 
since  Pfliiger  has  found  that  in  sections  of  the  gland,  examined  immedi- 
aiely  after  being  taken  out  of  the  body,  drops  of  triinsparerit  fluid 
may  be  seen  exuding  from  the  ends  of  the  cylindrical  epithelium 
cells  into  the  cavity  uf  the  duct.     The  fullides  and  lobules  are  sur- 
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rounded  with  a  delicate  layer  of  connective  tissue,  in  which  arp  dis- 
tributed the  capillarj  blood-vessels,  siipplving  the  materials  for  secre- 
tion. 

Fig.  22. 


Srction  or  THE  .SimMAxn.i.AKY  Qlawd  from  TBS  txra.— a.  SallTiirx  d^tot,  with  cyliTMlrirnl  eplUifr 
Hum  and  nnlral  cavity.    f>.  FollUlir,  wltU  »{laiitluliir  epithelium  uiii  cuntnU  ntrity.    iKiiUUcor.) 
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JPht/ncal  Properticff  and  Compoattion  of  the  Saliva, — Human  salira, 
from  the  cuvity  of  the  mnuth,  is  a  colorless,  .slightly  viacid,  alkaline 
fluid,  with  a  *=tpec'ific  gravity  of  1.005.     When   first  discharged,  it  is 
frothy  and  opaline,  holding  in  suspension  minute  flocculi.    After  stand- 
ing for  gome  hours  in  a  cylin- 
^'®'  23-  drical  vesisel,  an  opaque,  whitish 

dopui^it  colle'cts  at  the  bottom, 
while  the  j?upornatant  fluid  be- 
comes clear.  This  deposit  (Fig. 
23),  coHHiats  of  opitlu'lium  scales 
from  the  internal  surface  of  the 
mouth,  detached  by  mechanical 
attrition,  minute,  roundish,  gran- 
ular, nucleated  cells,  apparently 
epithelium  from  the  mucous  fol- 
licles, some  granular  matter,  and 
a  few  oil-globulea.  The  Buper* 
natant  fluid  has  a  faint  bluish 
tinge,  and  bccomos  slightly  opa- 
lescent by  boiling  or  by  the  add)* 
tion  of  nitric  acid.  Alcohol  in 
excess  causes  the  precipitation 
of  abundiiut  whitish  flocculi. 
According  to  the  analyses  of  Bidder  and  Schmidt,  the  composition 
of  saliva  is  as  follows : 
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BcooM.  aud  dhk^nvi^B.  KriTuxuuM.  with  Urao- 
ular  Matter  and  Oil-globul<'« ;  depusUed  lu  sedi- 
ment fruni  hiiinitu  nalivx 
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Composition  of  the  Saliva. 
Wat-er  .        .  ... 

Albaminous  inattor 
Potaissinin  vSulphofyfuil«1e 
Calcareous.  tna^eHinu.  nnd  nlkaline  phosplmten 
Sotliuni  and  Potiisaiuni  chlorideii  . 
Mixture  of  epithelinm  ... 


996.16 
1.84 
0.06 
0.98 
0.84 
1  ,(i3 


lor>fi.(>r( 


Saliva,  occonlinply,  i.s  one  of  tho  lenst  concentrated  of  the  digestive 
rot  ions,  coutainin?  but  a  small  quantity  of  organic  matter,  and  by 
no  means  a  larire  propoiiion  of  mineral  salts ;  it.-^  watery  inpredient 
bt'iag  by  far  the  most  abundant,  as  compared  with  the  other  animal 
fluids  Its  albuminous  matter  consists  of  a  small  quantity  of  albumen, 
coatriiljiblc  by  heat  or  a  mineral  acid ;  more  or  less  vivcine,  which  gives 
to  it  a  slightly  vi^icid  character,  and  is  coag-ulable  by  acetic  acid ;  and 
ptyaline,  a  substance  belonging  to  the  class  of  ferments,  which  is 
thrown  down  by  alcohol  in  oxces.s.  Some  of  these  reagent.*?,  accord- 
ingly, prcci])itatc  all  the  albuminous  matters  present,  while  others  coag- 
ulate only  Ji  part  of  them.  The  sulphocyanide  may  be  detected  by 
nddlng  to  the  saliva  a  small  quantity  of  a  j^olution  of  iron  chloride. 
when  the  characteristic  red  color  of  iron  sulphocyanide  is  produced. 
A  similar  red  color  is  prodiiced  by  the  action  of  the  ferric  salts  upon 
meconic  arid,  or  the  meconates ;  but  the  two  may  he  distingui.shed 
from  each  other  by  the  fact  that  the  red  color  caused  by  the  presence 
of  A  sulphocyanide  is  destroyed  by  the  addition  of  either  gold  chloride 
or  mercurial  bichloride,  neither  of  which  nlTect.'^  that  produced  by 
•onic  acid.  Tho  presence  of  a  sulphocyanide  in  human  saliva  is 
lost  constant,  and  we  have  never  failed  to  find  it  in  the  freshly 
collected  secretion.  Vierordt  haa  calculated  its  amount  in  saliva  by 
mensuring  the  ab.^sorption  of  light  in  the  green  und  blue  portions  of 
the  spectrum  of  the  red  fluid  produced  on  the  addition  of  iron  chloride; 
and  ha*<  found  it,  in  an  average  of  six  observations,  to  be  0.16  parts 
per  thousand. 

Saillva,  like  various  other  animal  fluids,  has  the  property  of  con- 
verting boiled  starch  into  glucose  at  the  temperature  of  38'^  O.  Its 
ttCtioQ  is  not  strictly  confined  to  thi.s  temperature,  but  will  go  on, 
thoQgli  with  diminished  rapidity,  both  above  and  below  it.  if  the  vari- 
ation be  not  too  great.  It  is  suspended,  however,  at  or  near  the 
freezing-point,  and  is  pcrninncntly  arrested  by  boiling  water.  It 
depends  on  the  presence  of  pty aline,  the  special  ferment  of  the  saliva, 
fvbicfa,  like  other  similar  bodies,  is  mo.st  active  at  or  near  the  temper- 
ature of  the  living  body.  It  is  differently  affected,  however,  by  cold 
and  heat.  By  a  freezing  temperatiire  its  action  is  susjiended  for  the 
time,  but  recommences  when  warmth  is  again  applied ;  while  boiling 
permanently  destroys  its  catalytic  property. 

The  secretions  produced  by  the  different  salivary  glands  vary  in  their 
physical  properties,  cspcciully  iu  the  degree  of  their  viscidity. 
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The  parotid  saliva  may  ^e  obtained,  frnm  the  luTman  suhject,  in  a 
stato  of  purity,  by  intradut.'inji:  into  thi'  orifice  of  Steno's  duct,  through 
the  mouth,  a  silver  eauula,  abi>ut  uue  millimotro  iu  dianifter.  The 
other  extremity  of  the  eanula  projtxrts  between  the  lips,  and  the  i^aliva 
is  collected  from  its  orifice. 

The  result  of  many  observatione,  eondueted  in  this  manner,  is  that 
iiumati  parotid  saliva  is  colorless,  watery,  and  alkaline  in  roaetion.  It 
differri  from  the  mixed  .saliva  of  the  mouth,  in  bein;,'  pi^rfectly  clear, 
without  turbidity  or  opalescence.  Il5  flow  is  scanty  while  the  jaws 
remain  at  rest ;  but  if  the  movements  of  mastication  are  exeited  by 
ihr  introduction  of  food,  it  runs  in  much  jyreater  abundance.  We  have 
collected,  in  this  way,  from  the  parotid  ducts  of  one  side  only,  in  a 
healthy  man,  31.1  grammes  of  nnliva  In  twenty  minutes;  and  iu  seven 
sufw'cssive  observations,  made  on  different  days,  comprising  in  all 
three  hours  and  nine  minutes,  we  have  collected  a  little  over  194 
irrammes. 

Parotid  tuiliva  may  hf  obtained  from  the  dog  by  exposing  St*?uo'8 
duct  where  it  crosses  the  maKseter  muscle,  and  introducing  into  it> 
throuL'h  au  artifieial  opening,  a  siilver  cnnula.  The  Kocrction  then  runs 
from  the  external  orifice  of  the  canuhi,  without  being  mixed  vv^ith  the 
other  salivary  fluids.  It  in  clear,  limpid,  and  watery,  and  without 
perceptibh'  viscidity,  resembling  in  these  respects  the  parotid  saliva  of 
man.  The  submaxillary  saliva  of  the  dog  is  obtained  in  a  similar 
manner,  hy  inserting  a  eanula  into  WhiirtonV  duct.  It  differs  from  the 
parotid  secretion,  a«  regarda  its  physical  properties,  chiedy  iu  possessing 
a  well  marked  viscidity.  The  Huhlimjual  saliva  is  also  colorless  and 
transparent,  and  is  nmre  viscid  thaji  thai  from  the  submaxillary.  The 
secretion  of  the  muciparous  glandules  has  been  obtained  by  placing  a 
ligature  simultaneously  on  Wharton's  and  Steno's  ducts,  ar»d  on  thai 
of  the  sublingual  gland,  so  a.s  to  shut  out  from  the  mouth  all  their  secre- 
tions, and  then  collecting  the  fluid  supplied  by  the  mucou.'?  membrane. 
This  fluid  is  vrry  scanty,  and  so  much  more  viscid  than  the  other  secre^ 
tiona  that  it  adheres  strongly  to  the  surface  of  a  glass  vessel.  All  the 
salivary  secretions  of  the  dog  are  alkaline  in  reaction.  They  differ  from 
those  of  man  chiefly  in  (he  absence  of  ptyalinc,  and  in  their  eonseqaent 
want  of  actiou  on  starchy  substances, 

Mode  of  Secretion  of  tht'  Snfiva.  —  The  salivary  glands  differ 
from  each  other  in  the  abundance  of  their  secretion  and  in  the  influ- 
ences which  e.xcile  their  activity.  The  parotid  saliva  is  mo.<it  abun- 
dantly jjoured  out  under  any  stinuilus  which  c.\citcs  the  movement  of 
the  jaws,  .such  as  the  mastication  of  dry  substances,  or  continuous 
speaking.  According  to  Bernard,  the  submaxillary  secretion  is  espe- 
cially increased  by  the  introduction  of  substances  which  excite  th«' 
taste;  while  that  of  the  sublingual  glands  in  the  dog  is  exuded  at  the 
moment  of  deglutition,  and  aids,  with  that  nf  tht-  muciparous  glandules, 
in  lubricating  the  mouth  ami  fauces,  and  facilitating  the  passage  of  the 
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loSi.  ColLn,*  ill  experimenting  u{X)n  the  horse  and  the  ox,  also  found 
[■the  parotid  saliva  excited  by  the  movements  of  mastication,  while  the 
JBubiuaxiUary  secretion  was  increased  by  introducinj;r  into  the  uiouth 
inces  having  a  marked  taste.  Both  the  jMirotid  and  arjbnmxillary 
ytions  are  abundant  while  the  animal  is  feeding,  their  f|uantity 
?ing  proportional  to  the  rapidity  of  ma.stication  and  the  sapid  quality 
cf  the  alimentary  substancey.  They  arc  both  either  suspended  or  uiueh 
diminished  during  abstinence.  In  the  ruminants,  the  sublingual  .^^liva, 
;like  the  submaxillary,  is  excited  by  sapid  substances  and  while  the 
«niuial  ifi  feeding.  Its  secretion  continues  during  abstinence,  eoutril>- 
ating  to  keep  the  surfaces  in  a  moi.st  condition. 

Another  indication  of  the  different  nervous  infiuences  by  which  the 

salivary  glands  are  controlled,  is  that  in  the  ruminant  anijuaJs,  while 

feeding,  both  the  parotid  and  submaxillary  glands  furnish  on  abundant 

[supply  of  saliva;  but  during  rumination,  although  the  parotid  glands 

'are  in  full  secretion,  discharging  frequently  as  much  as  900  grammes 

^in  fifteen  minutes,  the  submaxillary  glands  are  nearly  or  quite  inac- 

ftive.    Colin  has  also  found  that  in  the  ox,  horse,  and  ass,  the  parotid 

glands  of  the  two  opposite  sides,  during  mastication,   are  never  in 

[active  secretion  at  the  same  time;  but  that  they  alternate  with  each 

)tber,  one  remaining  quiescent  while  the  other  is  active.     In  these 

mastication  is  said  to  be  unilateral ;  that  is,  when  the  animal 

16  feeding  or  ruminating,  the  food  is  triturated  for  fifteen  minutes 

)r  more  by  the  molars  of  one  side  only.     It  is  then  changed  to  the 

, opposite  side,  where  mastication  i.s  i>erformed  for  the  succeeding  fifteen 

[Hiinutcs.     It  is  then  changed  back  again,  and  so  on  alteruuli'ly ;  the 

direction  of  the  lateral  movements  of  the  jaw  being  frequently  reversed 

during  the  course  of  a  meal.     By  establishing  a  salivary  fistula  simul- 

[taneously  on  each  side,  it  is  found  that  the  flow  of  saliva  corresponds 

with  the  direction  of  the  masticatory  movement.     When  the  animal 

Buisticates  on  the  right  side,  it  is  the  right  parotid  which  secretes 

actively,  while  but  little  is  supplied  by  the  left;  when  mastication  is  on 

tl»e  left  side,  the  left  jiarolid  pours  out  au  abundance  of  fluid,  while  the 

fight  is  nearly  inactive, 

fe  have  observed  a  similar  alternation  in  the  human  subject,  when 
ication  is  changed  fi"oni  side  to  side.  In  an  experiment  of  this 
id,  the  canula  being  inserted  into  the  parotid  duct  of  the  left  side, 
'the  quantity  of  saliva  discharged  during  twenty  minutes,  while  masti- 
Ication  was  performed  mainly  on  the  opposite  side  of  the  mouth,  was 
8.26  grammes;  while  the  quantity  during  the  same  period,  mastication 
[being  on  the  same  .side  of  the  mouth,  was  24.25  grammes.  It  was 
[therefore  nearly  three  times  as  much  in  the  latter  case  as  in  the  former. 
Daily  Quantity  of  the  Satira. — Owing  to  variations  in  the  rapidity 
of  secretion  of  the  saliva,  and  also  to  the  fact  that  it  is  not  excited  in 
I  the  same  way  by  artificial  stimulus  as  bj  the  presence  of  food,  it  is 
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eomewhat  difficult  to  ascertain  with  cxactucss  its  total  duilv  quantity. 
The  first  attempts  to  do  ao  were  made  upon  patients  affected  with  parotid 
fistula,  and  the  amounts  collected  were  ao  small  as  to  lead  to  the  conclu- 
sion that  the  entire  quantity  of  saliva  was  not  more  than  ti*n  or  twelve 
ounces,  or  about  3.50  jrrammes  per  day.  Bidder  and  Schmidt,*  from 
more  extended  observation,  were  led  to  make  a  hijrhcr  estimate. 
One  of  these  observers,  in  experimentina"  upon  himself,  collected  from 
the  mouth  in  one  hour,  without  artificial  stimtilos,  97  grammes  of 
saliva;  and  he  calculates  the  amount  siMTotcd  daily,  making  an  allow- 
ance of  seven  hours  for  sleep,  as  not  far  from  1620  grammes. 

Ou  repeatinif  this  experiment  we  have  not  been  able  to  collect  from 
the  mouth,  without  artificial  stimulus,  more  than  3f«  grammes  of  saliva 
per  hour.  This  quantity,  however,  may  he  greatly  increased  by  intro- 
ducing into  the  mouth  {iny  smooth  unirritating  substance,  such  asg'lasa 
beads  or  the  like ;  and  during  the  mastication  of  food,  the  saliva  ift 
poured  out  in  much  greater  abundance.  Even  the  sight  or  odor  of  nutri- 
tions food,  when  the  appetite  is  excited,  will  stimulate  to  a  remarkaWe 
degree  the  flow  of  saliva.  Any  estimate,  tht'frefore,  of  its  total  quantity, 
based  on  the  amount  secretx^d  in  the  intervals  of  mastication,  would  be 
imperfect.  We  may  make  a  tolerably  accurate  calculation  by  ascer- 
taining how  much  is  really  secreted  during  a  meal,  over  and  above  that 
which  is  produced  at  other  times.  Wc  have  found,  by  exp<'riment« 
jKTformcd  for  this  purpose,  that  wheatcn  brend  gains  during  complete 
mastication  55  per  cent,  of  its  weight  of  saliva ;  and  that  fresh  cooked 
meat  gains,  under  the  same  circumstances,  48  per  cent,  of  its  weight. 
We  have  already  seen  that  the  daily  allowance  of  these  two  substauces, 
for  a  man  in  full  health  and  activity,  is  about  540  grammes  of  bread 
and  450  grammes  of  meat.  The  quantity  of  saliva,  accordingly, 
employed  in  mastication  is,  for  the  bread  297  grammes,  and  for  the 
meat  21  »>  grammes,  making  in  all  513  grammes.  According  to  the 
observations  of  Tuezck.t  which  were  luude  in  a  similar  manner  on 
different  individuals,  the  average  daily  requirement  is  somewhat  less, 
namely,  469  grammes.  If  we  accept  the  mean  of  these  two  result*^, 
and  calculate  the  quantity  secreted  between  meals  as  continuing  for 
twouty-two  hours  at  the  rat©  of  86  grammes  per  hour,  we  have : 

biilivu  reqaired  for  niftstu'ation  =    491  grammeB, 

'*      secreted  in  intervals  of  meals     =    792         '• 

Total  quantity  per  day,  a  little  over       1280        '• 

Physiolopical  Action  of  the  SaliiHi. — The  principal  function  of  the 
saliva  is  undoubtedly  to  moisten  the  food  and  provide  in  this  way  for 
its  further  solution,  and  especially  to  assist  in  mastication,  by  which 
the  food  is  converted  into  a  pultaceous  mass.  This  is  mainly  accom- 
plished by  the  watery  ingredients  of  the  accretion,  while  the  albuminous 


*  VerdamingsBnefte  unil  StoflVechnel.     Leipsig,  1852,  p.  1. 
fZeitachrift  fiir  Eiologie.    Monchen,  1876,  Band  zii.,  p.  534. 
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matters  aid  in  giving  to  the  masticated  food  the  requisite  consistency, 
and  nlso  scrre  to  lubricate  its  surface  and  facilitate  deglutition.  This 
Is  evident  from  the  fact  that  the  principal  trouble  resulting  from  defi- 
ciency of  the  paliva  is  a  difficulty  in  the  mechanical  proccssef<  of  masti- 
cation and  swallowing.  Food  which  is  hard  and  dry,  like  crusts  or 
crackers,  cannot  I>e  masticated  and  swallowed  with  readiness,  unless 
properly  moistened.  If  the  saliva  be  excluded  from  the  mouth,  its  Iobb 
does  not  interfere  so  much  with  the  chemical  changes  of  the  food  in 
digestion,  as  with  its  physical  preparation.  This  is  the  result  of  exper- 
inaents  performed  by  various  observers.  Bidder  and  Schmidt,*  after 
tying  Steno's  duct,  together  with  the  common  duct  of  the  submaxillary 
sublingual  glands  on  both  sides  in  the  dog,  found  that  the  inime- 

kte  effect  of  Bu«*h  an  operation  was  "  a  remarkable  diminution  of  the 
fluids  exuding  upon  the  surfaces  of  the  mouth ;  so  that  these  surfaces 
retained  thcTr  natural  moisture  only  so  long  n^"  the  mouth  was  closed, 
and  readily  iK-eame  dry  on  exposure  to  the  air.  Dej^Iutition  was 
thrrcfore  rendered  difficult  not  only  for  dry  food,  like  bread,  but  even 
for  that  of  a  tolerably  moist  consistency,  like  fresh  meat.  The  ani- 
nuits  also  became  very  thirsty,  and  were  constantly  ready  to  drink." 

B«^rnardf  also  found  that  the  only  marked  eflfeet  of  cutting  off  the 
flow  of  saliva  was  a  difficulty  in  mastication  and  deglutition.  He  first 
administered  to  a  horse  500  grammes  of  oats,  and  found  that  this  quan- 
tity was  masticated  and  swallowed  in  nine  minutes.  An  opening  had 
be«n  previously  made  in  the  (esophagus  at  the  lower  part  of  the  neck, 
do  that  none  of  the  food  re.iehed  the  ritonuu'h ;  each  mouthful,  an  it 
pas.«ied  down  the  resophagus,  being  received  at  the  opening  and  exam- 
ined by  the  experimenter.  The  parotid  duct  on  each  siile  of  the  face 
Mma  then  divided,  and  another  similar  (juantity  of  oats  given  to  the 
Animal.  Mastication  and  deglulitioii  were  at  once  retarded.  The 
alimentary  masses  passed  down  the  oesophagus  at  longer  intervals, 
and  their  interior  was  no  longer  moist  and  pasty,  but  dry  and  brittle. 
Finally,  at  the  end  of  twenty-five  minutes,  the  aniniul  had  succeeded 
in*  masticating  and  swallowing  only  about  three-<iuartcrs  of  the  quan- 
tity which  he  had  previously  dispelled  of  in  nine  minutes. 

It  appears,  furthermore,  from  the  experiments  of  Magendie,  Ber- 
I,  and  Lassaigne,  on  horses  and  cows,  that  the  quantity  of  saliva 
>rlx?d  by  food  during  mastication  is  in  direct  proportion  to  its 
hardness  and  dryness,  but  has  no  particular  relation  to  its  chemical 
qualities.  The.se  experiments  were  performed  as  follows :  The  fssoph- 
mgOB  was  opened  at  the  lower  part  of  the  neck,  and  tied  between  the 
wound  and  the  stomach.  The  animal  was  then  supplied  with  a  pre- 
TioQsly  weighed  quantity  of  food,  and  this,  as  it  passed  out  by  the 
OBSophageal  opening,  was  collected  and  again  weighed.  The  dilfer- 
enoe  in  ltd  weight,  before  and  after  swallowing,  indicated  the  quantity 
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of  saliva  absorbed.     The  following  table  gives  the  results  of  some  of 
Lassaignc's  experiments  upon  a  horse : 

Kind  of  Food  employed.  Quantity  of  SaUva  absorbed. 

For  100  parts  of  hay 400  part«. 

"  barley  meal 186     " 

"  oats 118     " 

"  green  stalks  and  leaves  49     " 

It  is  evident  from  the  above  that  the  quantity  of  saliva  used  in 
mastication  has  not  so  much  to  do  with  the  chemical  character  of  the 
food  as  with  its  physical  condition.  When  the  food  is  dry  and  hard,  it 
requires  much  mastication  and  the  saliva  is  secreted  in  abundance ;  when 
it  is  soft  and  moist,  a  smaller  quantity  of  the  secretion  is  poured  out ; 
and  finally,  food  taken  in  a  fluid  form,  as  soup  or  milk,  or  reduced  to 
powder  and  moistened  with  a  large  quantity  of  water,  is  not  mixed  at 
all  with  saliva,  but  passes  at  once  into  the  stomach. 

The  action  of  human  saliva  which  converts  boiled  starch  into  sugar, 
would  seem  to  indicate  a  further  connection  with  the  digestive  process. 
This  action  will  sometimes  take  place  with  great  promptness  in  an  arti- 
ficial mixture  of  starch  and  saliva.  Traces  of  glucose  may  be  detected 
in  such  a  mixture  in  one  minute  after  the  two  substances  have  been 
brought  in  contact;  and  starch  paste,  introduced  into  the  mouth,  if 
already  at  the  temperature  of  38°  C,  will  yield  traces  of  sugar  at  the 
end  of  half  a  minute.  Its  rapidity,  nevertheless,  as  noticed  by  Leh- 
mann,  varies  much  at  different  times.  It  is  frequently  impossible,  even 
with  the  mixture  kept  steadily  at  the  temperature  of  38°  C,  to  find 
evidence  of  sugar  under  five,  ten,  or  fifteen  minutes ;  a  difference  prob- 
ably dependent  on  the  varying  constitution  of  the  saliva. 

Notwithstanding,  furthermore,  the  occasional  rapidity  of  this  action, 
it  is  not,  on  the  whole,  a  very  efficient  one  in  regard  to  quantity ;  that 
is,  only  a  small  portion  of  the  starch  is  converted  into  glucose  within 
a  given  time,  the  greater  part  remaining  unchanged.  This  is  proved 
by  the  fact  that  such  a  mixture  will  exhibit  the  reaction  of  starch  with 
iodine  long  after  Pchling's  test  has  shown  the  existence  of  glucose.  If 
a  solution  of  boiled  starch,  in  the  proportion  of  3  parts  of  starch  to  100 
parts  of  water,  l)e  mixed  with  one-third  its  volume  of  fresh  human 
saliva,  and  placed  in  the  water-bath  at  the  temperature  of  38°  C,  it 
will  often  give,  in  one  minute,  a  prompt  sugar-reaction  with  Fehling's 
test ;  but  it  also  contains,  at  the  same  time,  an  abundance  of  unaltered 
starch.  Even  at  the  end  of  an  hour,  according  to  our  o^vn  observa- 
tions*, the  starch  is  far  from  being  entirely  converted,  and  the  mixture 
will  still  give  a  strong  purple-blue  color  on  the  addition  of  iodine. 
The  same  persistence  of  starch  in  considerable  proportion  may  be  seen 
when  the  mixture  i.s  retained  in  the  mouth.  If  a  thin  paste  of  boiled 
starch,  containing  no  traces  of  sugar,  l>e  taken  into  the  mouth  and 
thoroughly  mixed  with  the  buccal  secretions,  it  will  often,  as  above 
mentioned,  begin  to  show  the  reaction  of  glucose  in  half  a  minute; 
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Lt  some  of  the  starchy  matter  still  remains,  and  will  continue  to 

tnifottt  its  reaction  with  iodint-  for  fifteen  or  twenty  minutes,  or  even 
for  half  nn  boor. 

These  facts  have  an  evident  l)earin]s:  on  the  disputed  question 
whether  the  supar-producing-. property  of  human  Koliva  be  an  essential 
part  of  it«  phvKioJojrical  action  ;  that  \»,  whether  the  wiliva.  in  fact, 
transforms  the  starch  of  the  food  into  plncose.  If  the  digestion  of  the 
fo«xl  took  place  in  the  month,  or  if  it  were  retained  there  for  any 
considerable  time,  there  would  be  no  doubt  in  this  respect.  But  in 
reality  the  passage  of  the  food  through  the  mouth  is  momentary,  and 
only  suflRcient  for  mastication.  This  time  is  ton  short  for  complete  con- 
version of  the  abundant  starchy  matter  in  bread  or  vegetables,  which 
mast  be  swallowed  into  the  stomach  in  great  measure  still  unchanged. 
Some  ol)iservers  (Schiff,  F.  G.  Smith,  Flint,  Ranke,  Brunton)  believe 
that  the  transforming  action  of  the  saliva,  commenced  in  the  mouth, 
may  continue  in  the  stomach  in  presence  of  the  gastric  juice.  Others 
(Bernard,  Robiu,  Colin)  assert  that  the  action  of  the  saliva  on  starch 
is  arrested  by  the  gastric  juice,  and,  consequently,  docs  not  go  on  in 
stomach.  This  discrepancy,  no  doubt,  depends  partly  on  different 
Ics  of  experimentati<m  ;  some  writers  contenting  them.'^elves  with 
testing  the  effect  of  dilute  acids  on  the  saliva,  others  using  the  gastric 
juice  itaelf.  The  proportion  in  which  the  two  secretions  are  mingled 
also  makes  a  difference  in  the  result.  Our  own  observations  lead  to 
the  conclusion  that  gastric  juice  certainly  interferes  with  the  trans- 
forming action  of  saliva,  usually  to  a  very  marked  degree,  wlieu  mingled 
with  it  in  equal  volumes.  If  we  take  fresh  unfiltered  human  saliva, 
shown  by  preliminary  experiment  to  be  capable  of  producing  a  prompt 
sugar-reaction  in  a  solution  of  boiled  stjirch  at  the  end  of  one  minute, 
mix  it  with  an  equal  volume  of  freshly  collected  gastric  juice  from  the 
then  add  the  starch-solution,  and  place  the  mixture  in  the  water- 
at  a  temperature  of  38*^  C,  thero  is  no  sugar-reaction  whatever 
at  the  end  of  five  minutes,  and  only  an  imperiect  one  in  half  an  hour; 
while  at  the  end  of  an  hour  there  may  be  distinct  reduction  by  Feh- 
ling's  test.*  But  if  three  volumes  of  gastric  juice  be  added  for  each 
volume  of  saliva,  the  mixture  gives  no  indication  of  sugar  even  at  fhe 
end  of  an  hour.  It  is  certain  that  the  gastric  juice  is  secreted  normally 
in  mncb  larger  quantity  than  the  saliva,  and  these  proportions  must  be 
imfaromble  to  the  continuance  of  starch  digestion  in  the  stomach. 

All  observers  agree  that  saliva  is  without  action  on  raw  starch, 
which  may  remain  unchnnged  in  contnct  with  it,  at  the  temperature 
of  the  body,  for  an  indefinite  tune.  But  in  the  herbivorous  animals, 
whose  food  contains  an  abundance  of  raw  starch,  the  salivary  glands 
ire  ftiUy  developed,  and  saliva  is  secreted  in  large  quantity.     In  these 


*  In  these  exaiuinfttions  the  fluid  mixture  w  alwa^rs  tretited  with  animal  charcual 
previously  to  nppiying  Fehlin^K  t«r;t ;  otherwise  the  albutuInouB  matten  of  the 
secrvtionn  voold  interfere  with  iti4  certainty. 
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auiinaJri  the  uon-digestion  of  starch  by  f<aliva  has  been  cxi>erimeDtaIly^j 
demonstrated.    Colin*  found  the  farinaceous  matter  of  oats  and  starchy! 
roots  ^ecogniza^tle  by  its  iodin«"  reaction,  after  remaining-  iu  the  lirstl 
8tointu;h  of  the  ox,  mixed  with  saliva,  for  twenty-four  hours;  and  the' 
same  observer  introduced  into  the  interior  of  the  paunch,  through  a 
fistula,  muslin  ba|u:s  eontainiujr  uncooked  potato  starch,  which  were 
found  in  the  same  cavity,  still  full  of  unaltered  starch,  at  the  end  of 
twenty  and  Iwonty-two  hours.      In  nil  cases,  furthermore,  the  saceha-^ 
rinc  transformation  of  starch,  as  we  shall  hereafter  s*'e,  is  accompliisht'd. 
with  j^reat  energy  and  promptitude  by  other  secretions  in  the  small  | 
intestine. 

It  seems  evident,  therefore,  that  the  sugar-producing  quality  of  the 
saliva  is  not  a  prominent  part  of  its  physiological  action ;  but  that  it  i.^ 
mainly  useful,  by  its  physical  properties,  iu  facilitating  mastication 
and  deglutition. 

It  is  aUo  subservient,  in  an  indirect  way.  to  the  nervous  influences 
concerned  in  mastication.  This  priK'css  i.s  aided  and  controlled  in 
great  measure  by  the  sensibilities  of  touch  and  taste,  in  the  tongue  and 
other  parts  of  the  mucous  membrane.  The  taste  notifies  us  of  the  ali- 
mentary character  of  the  food  t«keu  into  the  mouth,  aud  its  sapid 
qunlilics  must  be  fully  brought  out  before  mastication  is  complete. 
Taste  depends,  for  one  of  its  essential  ciinditions,  on  a  sufficient  supply 
of  saliva,  since  no  substance  can  produce  an  impression  on  the  gusta- 
tory' nerves  unless  it  be  fluid  find  enpaltle  of  absorption.  The  saliva 
produces  this  effect  on  the  Koluf>le  ingredients  of  the  food,  such  as  sac- 
charine substances,  saline  matters,  acids,  or  alkalies,  and  brings  them 
in  contact  with  the  papillre  of  the  tongue  iu  sufficient  quantity  to 
produce  a  giistatory  sensation. 

The  general  sensibility  nf  the  tongue  enables  tliis  organ  to  appre- 
ciate the  physical  condition  of  the  food,  and  its  readiness  for  deglu- 
tition. At  the  same  time  its  muscular  apparatus  provides  for  its 
movement  in  every  direction.  When  the  alimentary  material  is  finally 
reduced,  by  the  saliva  and  mastication,  to  a  pasty  and  homogeneous 
condition,  the  softened  mass  is  collected  fi'oni  every  part  of  the  mouth 
by  the  movements  of  the  tongue,  brought  together  upon  its  upp<'r  sur- 
face, and  thou  pressed  backward  through  the  fauces  into  the  pharynx 
and  oesophagus.  Here  it  passes  beyond  the  control  of  the  will.  It  is 
then  grasped  by  the  muscular  fibres  of  the  oesophagus,  and  by  a  con- 
tintious  aud  rapid  peristaltic  action  is  carried  downward  into  the 
stomach. 

Gastric  Joioe. 

The  stomach  is  no  doubt  the  orgau  In  which  the  most  important  part 
of  the  digestive  process  is  inaugurated,  and  which  cuntributes  most 
largely  to  the  cheniical  modification  of  the  food.     Its  special  secretion 
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iht^ftttiric  juice,  produced  by  the  glandular  Ibllides  of  its  mucous 
nieinbraQt*. 

The  mucous  lucuihranc  of  the  sUunach  is  8oft  and  vusruUir,  about  oue- 
italf  a  inilliiui'tre  thick  iu  the  cardiac  portion,  thence  iucrcaj^ing  iu  thick- 
ness to  one  miULinetre  in  the  middle  and  two  miltimetrefi  in  the  pyloric 
portion.  It  prcseulH  ou  abundance  of  ridges  or  prominences  about 
one-tenth  of  a  niiliiuietre  in  hi-ight,  \vhich  in  the  cardiac  portion  are 
reticulated  with  each  other,  in  the  pyloric  portion  more  isolated  nud 
villu&-like  in  form.  Its  free  surface  is  covered  with  cylitidrica!  c{)i- 
thelinm. 

Its  substance  consists  mainly  of  tubular  follicles,  litit-d  with  jjlandu- 
lar  epithelium,  closely  packed  side  by  side,  their  bases  resting  upon  the 
submucons  layer,  and  their  orifices  opening  upon  its  free  surface.  The 
jqiaoe  between  them  is  occupied  by  the  capillary  blood-vessels  and  lym- 
phatics, the  twrmiaal  niTvi'  fibres,  and  a  slight  framework  of  connective 
tissue.  The  jfastric  mucous  membnuie  has  therefore  the  character  of  a 
grland  spread  out  iu  the  membranoub  form,  and  surrouudiiii?  the  sivc-like 
cavity  of  the  or^n. 

The  fpithelinm  cc-l)s  lining  the  follicles  are  of  two  kinds.     The  most 
abundant  are  pale,  finely  jjjranular  cells,  about  13  munu.  in  diameter, 
nearly  or  quite  fillinir  the  cavity  of  the  iblllcle  in  its  middle  and  lower 
ions.    The  cells  of  the  other 

iety  are  fewer  iu  uumbiT,  of  ^^-  ^• 

larpcr  size,  measuriuK-  about  22 
mmm.  in  dinmet'cr,  with  a  dis- 
tinct rounded  form,  often  pro- 
jcctiniEr  from  the  mass  of  sninllf  r 
pells,  and  causing:  varicose-like 
prominences  of  the  contour  of 
the  follicle  (Tip:.  24).  These 
Cflls  are  found  in  both  the  fun- 
dus and  middle  portion  of  the 
.storaacb,  especially  in  its  middle 
portion ;  but  they  do  not  exist 
in  the  follicles  of  the  pyloric 
region,  which  contain  cells  of 
the  smaller  variety  alone.  In 
preparations  stained  with  car- 
mine, if  taken  from  the  stomach 
during;  the  intervals  of  digestion,  the  smaller  cells  are  tinged  but 
slightly  or  not  at  all,  while  those  of  the  larger  variety  exhibit  a  strong 
pinkish  hue,  showing  a  difference  iu  their  organic  substance.  But  in 
specimens  taken  while  digestion  is  going  on.  all  the  cells  are  turgid  and 
granular,  and  the  snmller  ones  not  only  increased  in  size  liut  so  altered 
sp  Constitution  as  to  Ih*  stained  by  the  enrmine  solution.  In  prepa- 
ions  firom  the  fasting  animal,  accordingly,  the  difTcrcnee  between  the 
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two  kinds  of  cells  is  readily  visible  ;  while  in  those  taken  during  diges- 
tion, they  arc  hardly  to  bo  distinguished  from  each  other.* 

It  is  doubtful  therefore  whether  we  can  infer  any  radical  difference  in 
function  for  different  regions  of  the  stomach  from  the  form  of  their 
glandular  cells.  In  the  follicles  of  the  middle  and  cardiac  portions  the 
two  kinds  of  cells  are  associated,  while  only  the  smaller  kind  are  found 
near  the  pylorus.  But  Ebsteinf  has  shown  that  if  two  digestive  fluids 
be  prepared  by  macerating  the  gastric  mucous  membrane  in  acidulated 
water,  using  for  one  the  middle  portion  and  for  the  other  the  pyloric 
portion,  both  fluids  possess  digestive  properties  which  differ  only  in 
degree.  According  to  a  still  more  decisive  observation  by  Heiden- 
hain.J  the  pyloric  portion,  when  separated  by  preliminary  operation 
from  the  remainder  of  the  stomach,  will  yield  a  secretion  which  com- 
municates digestive  qualities  to  an  acidulated  solution.  The  charac- 
teristic ingredient  of  the  gastric  secretion  seems  to  be  produced  more 
or  less  abundantly  in  all  regions  of  the  stomach,  while  the  differences 
in  function  of  its  different  parts,  so  far  as  they  exist,  relate  to  other 
particulars  not  yet  fully  understood. 

The  most  important  early  observations  in  regard  to  the  gastric  juice, 
were  those  of  Beaumout,§  in  the  case  of  Alexis  St.  Martin,  a  patient 
with  permanent  gastric  fistula,  the  result  of  a  gunshot  wound.  The 
wound  caused  an  opening  at  the  lower  ]>art  of  the  left  chest,  extending 
through  the  diaphragm  into  the  fundus  of  the  stomach.  After  cicatri- 
zation of  the  edges  of  the  wound,  there  remained  a  fistulous  opening, 
about  two  centimetres  in  diameter,  leading  into  the  cavity  of  the 
stomach.  The  orifice  was  usually  closed  from  within  by  a  valvular 
protrusion  of  the  mucous  membrane ;  but  this  could  be  easily  depressed, 
allowing  the  interior  of  the  stomach  to  be  ius])ccted,  or  its  contents  to 
be  withdrawn  for  examination.  Beaumont's  cxiwriments,  which  were 
continued  at  various  intervals  from  the  year  1825  to  1832,  established 
the  following  important  facts :  First,  that  the  active  agent  in  digestion 
is  an  acid  fluid,  secreted  by  the  walls  of  the  stomach ;  secondly,  that 
this  fluid  is  poured  out  only  during  digestion,  under  the  influence  of 
food,  or  of  some  artificial  stimulus ;  and  finally,  that  it  will  exert  its 
.solvent  action  on  food  outside  the  body,  if  kept  at  the  temperature  of 
38°  C.  lie  also  mad<?  investigations  as  to  the  effect  of  various  kinds 
of  stimulus  on  the  secretion  of  the  gastric  juice,  the  rapidity  with 
which  digestion  takes  place,  and  the  digestibility  of  various  kinds  of 
food. 

The  same  person,  with  his  gastric  fistula  unchanged,  after  an  interval 
of  twenty-four  years,  came  under  the  observation  of  Prof.  F.  G.  Smith, 
of  the  University  of  Pennsylvania,  who  again  made  a  series  of  similar 
experiments,  confirming  and  extending  those  of  Beaumont.     Another 

*  Ewald.  Die  Lchre  von  dcr  Vertlauiiiig.     Berlin,  1S79,  p.  39. 
f  Archiv.  fur  Mikroscopische  Anatoniic.     I^nn,  1870,  Ban<l  vL,  p.  515. 
X  Archiv.  fiir  «lie  gesanimte  I*lu'«iologie.     Bonn,  1878,  Band  xviii.,  p.  169. 
2  Experiments  and  Ob-fervations  mwn  the  (xastric  Juice.    Boston,  1834. 
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flstnla,  in  an  othorwise  healthy  woman,  the  result 
of  local  inflammation  and  ahscosf!,  orciirrcd  in  (rtirninny  in  ls;)4.  and 
xvns  investi^utrd  by  Schmidt.*  A  third  case,  in  tsonu'  rt-spofts  the 
most  rfmarkttble  of  all,  happened  in  France  in  IbTH.  The  operation 
of  giifitrotomy  was  |)crfomicd  liy  VernfitiJI,  upon  a  young  man,  for 
tin|ia2»ablr  stricturo  of  tho  rpsoplmiru?.  Thp  pationt  recovered  with 
a  permanent  ijrai^tric  fistula,  throut?]!  which  nourishment  was  nuccess- 
fully  ndrainistered.  The  following'  year  the  ease  was  employed  by 
Richet  t  for  observations  on  the  gaHtric  juice. 

Sine**  1H40,  similar  invoRtiprationa  have  been  lar<rely  carried  on  by 
the  aid  of  fistulse  artificially  produceil  in  variou»i  Buiraal>?,  the  do^  bein^ 
mo^  frequently  employed  for  this  purpose.  These  experiments  have 
sboTrn  that  the  ingredients  of  the  gastric  juice,  as  well  as  its  mode  of 
action,  are  essentially  the  same  in  the  carnivorous  and  herbivorous 
animals,  and  in  man.  The  best  mode  of  establishinja:  a  fjastric  fistula 
to  the  dog  is  as  follows:  A  loniritudinal  incision,  about  six  centimetres 
loDjcr,  iH  made  through  the  abdominal  walls  in  the  median  line,  over  the 
great  curvature  of  tho  stoniaeh.  The  stomach  is  then  seized  with 
hooked  forceps,  drawn  out  at  thf  wound,  ami  opcucd  with  the  point  of 
a  bistoury.  A  short  silver  cnniila,  ultout  thne  centimetres  long  and 
one  centimetre  in  diameter,  with  a  narrow  flange  at  each  end,  is  inserted 
into  the  wound  in  tho  stomach,  the  edgt's  of  which  are  fastened  around 
it  Mith  «  ligature,  in  such  a  way  as  to  prevent  the  escape  of  the  gjistric 
fluids.  The  stomach  is  then  retunu'd  to  its  phicc  in  the  abdomen,  the 
external  flangi^  of  the  canida  resting  upon  the  abdominal  integuments, 
the  edges  of  the  wound  being  drawn  together  by  sutures.     In  a  few 

ys  the  ligatures  come  away,  the  wouudotl  surfaces  unite,  jiiul  the 

inla  ii*  retained  in  a  permanent  fistula;  its  flaring  extremities  pre- 
rentlng  it  from  falling  either  out  of  the  abdomen  or  into  the  stomach. 
It  is  closed  externally  by  a  cork,  which  may  be  removed  at  pleasure, 
anowring  the  contents  of  the  stomach  to  be  Avitbdrawn  for  examination. 

Mode  of  Serrcfion  of  the  (tasin'r  Jtiire. — As  a  rule,  the  gastric 
jtiicc  is  not  a  constant  but  an  occasional  secretion,  In-ing  poured  out 
only  when  food  is  taken  into  the  stomach.  Beaumont  found  it  entirely 
sbeent  during  the  intervals  of  digestion,  the  stonuu-h  containing  at  that 
time  only  a  little  ueutrnl  or  alkaline  mucus.  He  eoujd  obtain  a  small 
quantity  by  g^.'ntly  irritating  the  mucous  membrane  with  a  gum-elastic 
catheter,  or  a  glass  rod ;  Vmt  on  the  introduction  of  food  the  niueoua 
membrane  liecame  turgid  ami  reddened,  a  clear  acid  fluid  collected  in 
drops  beneath  the  mucus  lining  the  walls  of  the  stomach,  and  wjis  soon 
poured  out  abundantly  into  its  cavity.  Prof.  F.  G.  Smith,  in  his  sub- 
sequent observations  on  Alexis  St.  Martin,  also  found  the  fluids  olitained 
from  the  empty  stomach  iuvarialjly  neutral  in  reaction  ;  while  during 
digestion  they  were  always  arid.  Other  observers,  in  experimeniiug 
on  the  dug,  have  found  more  or  less  acid  reaction  always  present  at  the 

*  AnnnJen  der  ('heniii'  uini  Pharrnndc.     IleicK'lWrp,  IS-M,  p.  42. 

f  Cci/iiptvs  Kendurt  de  rAcadeniie  dea  .Sciences.    Parid,  1877,  tome  Ixxxiv.,  p.  450l 
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surface  of  the  mucous  membrane.  According  to  our  nwTi  oliacrvations, 
the  Irritability  of  the  ^stric  mucous  membrane,  and  the  readinet^A  with 
which  the  flow  of  gastric  juice  may  Ijc  excited,  varies  considerably  in 
difl'ercnt  animals  of  the  same  species.  In  dogs,  we  have  found  iit  one 
instance  that  the  gastric  juice  wan  always  entirely  absent  in  the  inter- 
vals of  dip'estion ;  the  mucous  memi)ranc  presenting  either  a  neutral 
or  slightly  alkaliue  reaction.  In  this  animal,  which  was  |>erfectly 
healthy,  the  secretion  could  not  bo  excited  by  any  nrtiticial  mcanjs,  such 
as  glass  rods,  metallic  calheters,  or  the  like;  but  only  by  the  stiniujus 
of  ingested  food.  Indigestible  pieces  of  tendon,  introduced  through 
the  fistula,  were  expelled  in  a  few  minutes,  without  exciting  the  flow 
of  a  single  drop  of  acid  fluid;  while  pieces  of  fresh  meal,  introduced 
in  the  same  way,  jH'oduced  at  once  an  abundant  supply.  In  other 
instances  the  introduction  of  metallic  catheters  or  glass  rods  into  t-he 
empty  stomach  has  produced  a  scanty  flow  of  gastric  juice ;  and  in 
dogs  killed  by  section  of  the  medulla  oblongata,  we  have  usually, 
though  not  always,  found  the  gastric  umcous  membrane  with  a  dis- 
tinctly acid  reaction,  even  after  an  abstinence  of  six,  seven,  or  eight 
days.  Under  these  circumstances  there  is  never  any  considerable 
amuiuit  of  fluid  in  the  stomach ;  but  only  enough  to  moisten  the 
mucous  mnuibmtit',  and  givi'  it  an  acid  reaction. 

The  gastric  juiee  oI>tuiued  by  irritating  the  stomach  with  a  metallic 
catheter  is  not  sufficient  in  quantity  for  extended  experiments.  For 
that  purpose,  the  iininiiil  should  l»e  fed,  after  a  fast  of  twenty-four 
hour:^,  with  fresh  b  uu  uieiit,  slightly  bardeneil  by  short  boiling,  in 
order  to  coagulate  the  fluids  of  the  muscidar  tissue,  and  prevent  their 
mixing  with  the  gastric  secretion.  Usually  no  effect  is  apparent 
within  Hve  minutes  after  the  introduction  of  food.  Aj.  the  end  of 
that  tiuH'  the  gastric  juice  begins  to  flow  slowly  and  in  drops.  It  ia  at 
first  colorless,  but  suou  acquires  a  slight  amber  tinge.  It  then  runs 
more  freely,  usually  in  drops,  but  often  for  a  few  seconds  in  a 
continuous  .stream.  In  this  way,  from  GO  to  75  cubic  centimetres 
nuiy  hv  collected  iu  the  course  of  fifteen  minutes.  Afterward  it 
becomes  soniewlmt  turbid  with  the  debris  of  disintegrated  food, 
from  which  it  may  be  separated  by  filtration.  After  three  hours, 
it  continues  to  run  freely,  but  much  thickened  and  grumous  in  con- 
sistency, from  the  admixture  of  aUmeutary  debris.  In  six  hours  it  is 
less  abundant,  and  in  eight  hours  has  become  very  scanty.  It  ceases 
to  flow  altogether  in  from  nine  to  twelve  hours,  according  to  the 
quantity  of  food  taken.  For  purposes  of  exantination,  the  fluid 
drawn  during  the  tirst  fifteen  luinutes  after  feeding  should  be  col- 
lected, and  at  oner  si-parated  by  filtration  from  accidental  impurities. 

Physical  Pr&pcrtif»  and  CoVipomtion  vf  the  Gastric  Juice. — 
Gastric  juice  obtained  by  this  method  is  a  clear,  colorless,  or  faintly 
amber-colored  fluirl,  of  watery  consisUnicv  and  acid  reaction.  Its 
gpcH'ifjc  gravity  dues  not  vary  much  from  101 1).  It  becomes  slightly 
opalescent  on  boiling. 
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*The  following  is  the  ronipusition   of   the  g^aetric  jiiico  of  Iht-  dog^ 
ou  a  cuiiiparbioij  ol  analyses  by  lifhiiiann,  Bloiidlot,  Ottu,  and 
bidder  aud  SeimiidL 

<li>MFo0rrt(>N  <iF  Gahtric  JpicR. 

W«t«r 975.00 

Free  nei<)               4.78 

Pepsjuo                           15.0() 

Svtdinin  tljluj  i<Je 1.70 

PotassiuTu    " 1.08 

CaJoium        •• 0.20 

Ammoirinni  '* O.flS 

I.unepbos|>h!it«*     ......  1.48 

Mj*).'"'**"'!""  ■■                  .......  O.OH 

Iron                                  0.05 

lOOO.WJ 

Sphmidt.  in  the  caso  which  full  nndor  his  oliscrvation,  found  the  pas- 
trie  juice  of  man  similar  In  totislltulion  to  tlip  (lUnvo,  t^xft'pt  that  it 
contained  a  larger  pro|X3rtioii  of  water  and  a  tinialler  proportion  of  free 
acid  and  pepsinc,  as  well  as  of  solid  ingredients  g:encrally.  In  the  case 
investigated  by  Richet,  the  amount  of  acid  was,  on  the  average,  1.7 
per  thoui^and  parts;  its  minimum  hein;^  0.5  and  its  ma.viiuum  3.2. 
Such  differences  may  therefore  e.xl^t  between  iiidividual-s,  or  even  in 
the  same  individual  at  different  times;  depending  no  doubt  on  the 
more  or  lee.n  rapid  secretiou  of  the  watery  parts.  Observations  on 
the  dog  show  that  the  jiroportion  of  nolid  ingredients  is  usualiv  less 
when  the  secretion  is  ubundiiul,  uud  irreater  when  it  is  in  small  quan- 
tity.    In  either  ca.se  the  essential  constimonts  arc  the  same. 

The  most  striking  phyii*ical  property  of  the  gastric  juice  is  its  acid, 
reaction,  by  which  it  is  distinguished  from  all  ihi-  other  digestive  secre- 
tions and  internal  fluids  of  the  body.  This  property  depends  on  the 
presence  of  its  free  acid.  Notwithstanding  that  all  observers  have 
recognized  in  the  gastric  juice  a  distinct  acidity,  a  singular  difference 
of  opinion  still  exists  as  to  the  particular  body  which  gives  it  this 
eactioD,  and  especially  whether  it  be  a  mineral  or  an  organic  acid. 

>peated  analyses  have  lieen  made  by  different  methods,  and  each 
new  result  has  l>een  claimed  as  decisive  on  the  one  aide  or  the  other. 
Many  observers  (Prout,  Punglison,  Enderlin,  Schmidt,  Ewald,  IToppc- 
Seyler)  regard  the  free  acid  of  the  gastric  juice  as  hydrochloric  acid. 
'heir  conclu.«ion  is  mainly  Ijased  <)n  the  fact  that  the  totml  quaiitity  of 
lydrochloric  acid  obtainable  from  the  secretion  is  more  than  suflicicnt 
to  saturate  all  tlie  allialiue  and  earlhy  bases  which  it  contains.  Others 
(Xehmann,  Leuret  aud  Lassaigne,  F.  G.  Smith,  Tjaborde,  Bernard  and 
Barreswil)  consider  the  acid  ingredient  to  be  la<'ti<"  acid.  In  support 
of  this  view  they  adduce  certain  reactions  of  the  gastric  juice  which 
do  not  belong  to  solutions  of  hydrochloric  acid,  such  as  precipitation 
of  lime  oxalate  on  the  addition  of  a  little  o.xalic  acid,*  and  the  fact  that 

*  Bernard.     Le^ouji  du  Phjsiologie  Exp^imeiitale.    Faru,  1860,  p.  S96. 
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gastric  juice  does  not  convert  cane-sugar  into  glucose  at  a  boiling- 
temperature  as  hydrochloric  acid  would  do.*  It  is  acknowledged 
that  both  the  acids  in  question  may  be  obtained  from  gastric  juice 
by  distillation  and  analysis;!  but  it  is  considered  doubtful  whether 
the  hydrochloric  may  not  be  liberated  by  decomposition,  or  the  lactic 
produced  by  fermentation,  during  the  process.  Finally,  RichetJ  has 
investigated  the  subject  by  a  method  which  avoids  prolonged  chemical 
manipulation.  This  method  depends  on  the  comparative  solubility  in 
ether  of  organic  and  mineral  acids.  The  organic  acids  are  readily 
soluble  in  this  menstruum,  and  ten  volumes  of  ether,  shaken  up  with 
one  volume  of  a  watery  solution,  will  remove  from  it  one-half  the  lactic 
acid  which  it  contains.  The  mineral  acids,  on  the  other  hand,  are  but 
slightly  soluble  in  the  same  fluid ;  and  it  requires  500  volumes  of  ether 
to  extract  from  a  watery  solution  one-half  its  acid  ingredient,  should 
this  be  hydrochloric  acid.  From  experiments  of  this  kind  the  author 
concludes  that  the  fresh  gastric  juice,  unmixed  with  food,  contains 
almost  exclusively  hydrochloric  acid ;  the  proportion  being  not  more 
than  one  part  of  lactic  acid  to  twenty  parts  of  hydrochloric ;  but  that 
if  kept  for  some  days  the  organic  acid  may  so  increase  as  to  prcpon- 
derate  over  the  mineral ;  and  furtherniore,  that  gastric  juice,  if  mixed 
with  food,  may  form  organic  acids  during  digestion  to  the  amount  of 
one-third  or  one-half  the  mineral  acid  present.  The  subject,  therefore, 
is  not  altogether  free  from  obscurity. 

It  is  certain,  however,  that  the  normal  free  acid  of  the  gastric  juice, 
if  neutralized,  may  be  replaced  by  cither  lactic  or  hydrochloric  acid 
without  impairing  its  digestive  properties.  Other  acid  bodies,  both 
mineral  and  organic,  as  dilute  sulphuric,  nitric,  or  acetic  acids  are 
also  available  for  the  purpose,  though  nmch  less  so  than  the  fore- 
going ;  while  phosphoric,  oxalic,  and  tartaric  acids,  according  to  Leh- 
mann,  are  nearly  inert  in  this  respect. 

The  remaining  characteristic  ingredient  of  the  gastric  juice  is  its 
albumenoid  matter,  known  under  the  name  of  pepsine.  This  is  the 
special  ferment  produced  by  the  gastric  follicles,  to  which  the  peculiar 
digestive  properties  of  the  secretion  are  due.  It  is  precipitable  from 
the  gastric  juice  by  alcohol  in  excess,  and  after  precipitation  may  be 
rcdissolved  in  water  with  its  qualities  unchanged.  Gastric  juice  is 
essentially  an  acidulated  solution  of  pepsine.  Both  the  ferment  and 
the  acid  must  Ikj  present  in  order  that  the  secretion  may  exert  its 
digestive  power.  If  fresh  gastric  juice  be  neutralized  by  the  addi- 
tion of  an  alkali  or  alkaline  carbonate,  it  becomes  inactive  notwith- 
standing the  presence  of  pepsine ;  but  its  activity  may  be  restored  by 
acidulation.  On  the  other  hand,  gastric  juice  from  which  the  pepsine 
has  been  thrown  down,  or  in  w^hich  it  has  been  rendered  inactive  by 
boiling,  has  no  digestive  power  although  its  acidity  remains. 

*  Revoe  des  Sciences  M^icales.  Paria,  1878,  tome  xii.,  p.  715. 
flloppe-Seyler.  PhyHiologische  Chemie.  Berlin,  1878,  p.  215. 
X  Comptcs  Kcndus  de  TAcad^mie  des  Sciences.  Paris,  1877,  tome  Izxxiv.,  p.  1614. 
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joth  the  esf^ntJal  coiistitiuMits  of  tho  gastric  juice  are  produced  Ity 
the  mucous  monilu-ane,  luit  tht'ir  niudo  of  production  is  ditlVrt'ut.  Pep- 
sinc  is  continuously  formed  by  the  nutritive  process,  and  accumulates 
during  the  intervals  of  dij^ostion  in  the  g:hindulur  cells.  The  free  acid, 
on  the  other  hand,  ap]>ear«  in  quantity  only  at  the  time  of  digestion, 
and  is  poured  out  with  the  watery  coustitueuts  of  the  secretion.  ThiTc 
i»  evidence  that  it  is  nut  present  in  thf  immediate  product  of  the  glan- 
dular c<«1l8,  but  is  produced  by  a  rajjid  change  in  the  fluid  after  !?ecretioii. 
The  iuiicou.4  meiubraue  is  never  distinctly  acid  in  its  deejier  and  middle 
partes,  but  only  on  its  free  surface.  This  was  shown  by  Utrnard,*  who 
inject«Hl  into  the  jugular  vein  of  a  rabbit  two  solutions,  one  of  iron  lac- 
tate, the  other  of  potasf^lum  ferrocyonide.  These  salts  would  remain 
unaltered  in  neutral  or  alkaline  fluids,  but  in  presence  of  a  free  acid 
would  unite  to  form  Prussian  blue  (iron  I'errocyauide).  On  killing 
the  animal,  three-cpiarters  of  an  hour  afterward,  no  blue  coloration 
ira*  found  anywhere  excepting  in  the  stomach ;  and  in  this  organ  it 
was  confined  to  the  free  surface  of  tho  mucous  meuibrane,  not  being 
perceptible  in  the  substance  of  the  glandules.  As  both  salts  must 
have  exuded  from  the  I>lood-ves>els  of  the  mucous  membrane,  it  Is 
evident  that  it  was  only  at  or  near  its  upper  surface  that  they  met 
with  Ruificicnt  free  acid  to  cau^e  their  combination.  According  to 
Bruntonf  a  horizontal  section  through  the  lower  part  of  the  gastric 
g-landfi  of  the  pigeon,  if  tested  by  litmus-paper,  shows  a  neutral  or 
extremely  weak  acid  reaction,  while  the  inner  surface  of  the  stomach 
18  strongly  acid.  The  materials  of  the  free  acid  of  the  gastric  juice 
AM  therefore  furnished  by  the  alkaline  blood  ;  but  the  acid  itself  origi- 
Ites  by  some  change  in  the  products  of  exudation. 

A  necessary  condition  for  the  action  of  the  gastric  juice  is  a  certain 
ienijieralure.  It  may  go  on  more  or  less  rapidly  w  iihin  varying  limits, 
but  its  most  favornble  tcniiierature  is  that  of  the  living  \yody.  It  is 
sus]>ende«l  at  or  near  the  freezing-point,  becomes  more  active  with  the 
increase  of  warmth,  and  is  at  its  nioxinium  about  38  C. ;  above  which 
it  again  dinn'nishes,  and  is  totally  arrested  at  the  boiling  tem|>erature. 
The  favitruble  influence  of  moderate  warmth  has  been  .'^hown  by  SchiB".  J 
who  made  two  acidulated  diirestivc  infusions,  and  placed  in  each  the 
same  quantity  of  coagulated  albumen ;  one  of  the  infusions  being 
allowed  to  remain  at  a  teni|>erature  varying  from  lU^  to  17^^  C,  the 
other  Ix'ing  introduced,  in  a  closed  glass  tube,  into  the  stomach  of  a 
living  dog.  The  .t^ecoud  was  found  to  have  digested  in  six  hours  as 
much  albumen  as  the  first  at  the  end  of  three  weeks. 

A  further  pt^culiarity  of  the  gastric  juice  is  its  resisiavce  fn  pxitre- 
f action.  While  other  nninuil  fluids,  as  the  saliva,  bile,  pancreatic  juice, 
meus,  and  blood,  enter  into  putrefaction  with  great  readiness.  gi\stric 
fjuice  may  remain  exposed  to  the  air  at  ordinary  temi>eratures  for 

*  Iiiqnid«a  de  rOrgjiniftiue.     Paris,  1859,  tome  il.,  p.  375. 

f  lltuidlNiok  fur  thf  PhyaioloKieiil  Laborntorr.     Philadelphia,  187.?,  p.  491. 

X  L«yuUH  ijur  la  Phyaiologie  de  la  DiguHtioii.     Parin,  18ti7,  toue  IL,  p.  19. 
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months  without  dtvelopinp  any  putrescent  odor  or  losini?  its  rhnracter- 
istie  properties.  It  becomes  somewhat  darker  in  (•oh:>r,  and  after  a  time 
deposits  a  brownis})  sediment,  but  retains  its  acid  rciction  and  its  power 
of  digesting  tilbumiuous  matterH,  It  wiU  even  arrest  putrcfactire 
changes  which  have  already  iK'gim  in  organic  substanccB ;  and  conse- 
quently putrefaction  doe^  not  go  on  in  the  living  stonmeh.  Beaumont 
preserved  fragments  of  meat  unaltered  for  a  month  in  gastric  juice, 
while  other  portions  kept  in  saliva  were  putrefied  in  ten  day?.  Spat- 
lanzani  found  iu  the  stomach  of  a  viper  the  body  of  a  lizard  which  hud 
reuiairu'rt  llierc  for  sixteen  days  wnthoiit  putrefactive  alteration;  and 
similar  observations  have  iK^en  made  by  other  ]ihysiologists.  Accord- 
ing to  Richet,  the  antiseptic  jtrojierty  of  gastric  juice  depends  entirely 
on  its  free  acid,  and  not  in  any  degree  on  its  organic  ferments 

Fepsine  Erfrncts,  and  Artijicial  IHgestire  Fluids. — As  the  imme- 
diate source  of  the  gastric  juice  is  the  mucous  membrane  of  Ihe  stomach, 
the  idea  was  early  suggested  that  a  similar  fluid  might  be  extracted 
from  its  tissue  after  death.  Exjierimeats  of  this  kind  have  been  mad(^ 
iu  various  ways  since  1834 ;  and  they  have  demonstrated  that  the 
gastric  mucous  membrane,  taken  from  the  reeeutly-killed  animal,  may 
yield  a  solution  containing  pepsine,  which,  iu  the  presence  of  a  dilute 
acid,  at  the  proper  tempcratui'c,  has  the  power  of  dissolving  Bolid  albu- 
minous matters.  Such  solutions  act  as  artificial  digestive  fluids,  and 
by  their  use  much  additiouiil  light  has  been  throwni  on  the  digestive 
process.  They  are  obtained,  according  to  Lehmann's  method,  by 
immersing  the  cleansed  mucous  meudirane  in  water  for  an  hour  or 
two,  until  modoratoty  softened,  when  its  glandular  parts  are  removed 
by  scra|)ing  with  a  spatula,  placed  in  acidulated  water,  the  mixture  kept 
for  an  hour  at  the  temperature  of  1^5^  C  and  the  fluid  then  filtered. 
Or  the  mucous  membrane  may  be  cut  into  small  pieces,  and  kept  in  a 
large  quantity  of  acidulated  water  nt  35'^  C.  until  the  glandular  tissue 
is  fully  disin1egrnt<>d,  when  the  mixture  is  filtered  iind  the  clear  liquid 
used  for  experiment.  The  second  process  yields  a  fluid  which  has  con- 
sideraldo  digestive  activity,  but  is  contaminated  with  products  of  the 
digestion  of  the  stomach  tissues.  The  most  convenient  and  most 
widely  employed  method  is  that  of  Von  Wittich,  which  consists  in 
extracting  the  mucous  membrane  with  glyccrinu.  Il  has  the  advantage 
that  glycerine,  in  the  concentrated  form,  while  it  dissolves  out  the  pep- 
sine, arrests  completely  both  digestive  and  putrescent  alterations.  The 
extract  finoJly  obtiiiiu'd  is  therefore  free  from  the  products  of  digestion, 
and  may  b<"  kept  indi-tinitely  for  ex|>erimental  use.  In  this  process  the 
mucous  membrane,  cut  into  small  pieces  and  fireed  from  water  by  a 
short  immersion  in  alcohol,  ib  placed  in  a  quantity  of  glycerine  sudi- 
cient  to  rover  it  and  ruueeratod  for  eight  days  at  ordinary  temperatures, 
after  which  the  glycerine  solution  is  strained  off.  This  glycerine 
extract  contains  pepsine,  and  a  little  of  it  added  to  acidulated  water 
forms  an  efficient  digestive  fluid.  If  desired,  the  pepsine  may  In*  pre- 
cipitated from  the  glycerine  solution  by  alcohol  iu  excess,  removed  by 
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fStion  fn  n  comparotiTcly  pure  condition,  and  then  redijis?olved  in 
•wnter  or  nn  acidulutetl  solution.  The  proportion  of  acid  beat  adapted 
for  difrestion  is  about  2  parts  hydrochloric  acid  to  1000  parts  of  water. 
The  most  convenient  substance  for  showing  the  digestive  powers  of 
such  a  fluid  is  coagulated  fibrine.  obtained  by  whipping  fresh  blood, 
cleantie<l  from  coloring  matter  by  repeated  washing  with  coM  water. 

PhyttioJogical  Action  nf  the  Gastric  Juice. — If  gastric  juice  from  the 
living  aDimal,  or  an  acidulated  solution  of  pepsine  prepared  by  the 
above  method,  l>e  tested  at  the  temperature  of  38°  C,  with  different 
organic  matters,  it  will  1>g  found  that  its  action  is  confined  to  those  of 
a  eingle  class.  It  ha^  no  eflect  u[>ou  starches  or  fats ;  but  albuminous 
matter?,  stich  as  coagulated  fihrino,  easeine,  or  white  of  t^f^^,  or  tissues 
mainly  composed  of  albuminous  substances,  are  softened  and  li^juctied, 
and  finally  digested.  The  process  by  which  this  change  takes  place  is 
twofold,  accomplished  by  the  successive  or  simultaneous  action  of  the 
Iwo  essential  constituents  of  the  secretion.  Tlie  first  effect  is  produced 
under  the  influence  of  the  free  acid,  by  which  the  albuminous  matter 
18  converted  into  syntonine.  This  substance  is  soluble  in  dilute  acids, 
and  therefore  assumes  the  liquid  state  in  an  acidulated  solution ;  but  it 
is  not  soluble  in  pure  water  nor  in  solutions  of  the  neutral  salts,  and  it 
may  aeeonlingly  bo  precipitated  by  neiitralization  with  an  alkali.  So 
far,  the  modification  of  albunu-n  in  the  digestive  act  is  comparatively 
Biinple.  Its  further  change  is  due  to  the  presence  of  pepsine.  By  the 
inflaeDoe  of  this  substance,  acting  as  a  ferment,  the  modified  albu- 
mtuous  matter  is  transformed  into  peptone.  Since  peptone  is  soluble 
in  pure  water  and  in  neutrnl  solutions,  as  well  as  in  dilute  acids  and 
nikalies,  it  retains  the  lifjuid  form  whatever  may  be  the  reaction  of  the 
fluid  in  which  it  is  cuntainei.  The  nun-prucipitation  of  the  albumenoid 
matter,  on  neutralizing  the  solution,  is  thereforo  the  indication  and 
measure  of  its  complete  transformation  in  the  digestive  process. 

As  one  of  the  distinctive  features  of  peptone  is  its  diiriisil)ility  through 
animal  membranes,  it  represents  the  condition  of  albumen  when  pre^ 
pared  for  absorption  l»y  the  blood-vessels.  It  is  not  coaguIal)le  by  heat, 
the  mineral  acids,  nor  l)y  potiissinm  lerrocyanide,  l>ut  is  thrown  down 
Grom  its  solutions  by  alcohol  in  excess. 

The  characters  of  peptone  are  the  same,  or  nearly  so,  whether  it  be 
derived  from  coagulated  fibrine,  albumen,  caaeine,  or  an  organized 
structure,  like  muscular  or  coinieclive  tissue.  According  to  Henniger, 
the  only  iierceptibk'  dillereuce  is  in  its  rotary  power  on  polarized  light. 
lU  varieties  of  peptone  in  solution  deviate  the  plane  of  polarization 
toward  the  left;  the  amount  of  rotation  l>eing  greatest  for  albumen 
peptone,  while  that  for  fibrim-  pej)tone  is  the  least.  As  to  its  nature, 
it  is  the  prevalent  opinion  among  physiologicu!  chemists,  that  pt-ptone 
is  a  product  of  hydration;  the  albuminous  molecule  uniting  with  the 
lents  of  water  nnder  the  influenee  of  the  gastric  ferment.  This 
Tiew  ijj  partly  based  on  the  elementary  composition  of  peptone  and  its 
power  of  uniting  with  acids  and  bascii,  uu  compared  with  albumen.    It 
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is  also  sustained  by  tlie  experiments  of  Henniger,'*'  who  subjected  pep- 
tone to  a  process  of  dehydration  by  means  of  anhydrous  acetic  acid  at 
80°  C,  obtaining  as  the  result  an  albumen-like  substance  coagulable  by 
heat. 

Digestion  of  th£  Stomach  Tissues  by  Gastric  Juice.-^As  the  gastric 
juice,  or  acidulated  pepsine  solutions,  can  dissolve  the  substance  of  all 
albuminous  tissues,  they  have  the  same  efifect  on  the  walls  of  the 
stomach  itself.  If  the  gastric  mucous  membrane  be  macerated  in  acid- 
ulated water  at  the  temperature  of  38°  C,  the  mixture  no  sooner  absorbs 
pepsine  from  the  gastric  follicles  than  it  becomes  digestive,  and  con- 
sequently dissolves  the  tissue  of  the  membrane  itself.  It,  therefore, 
requires  some  explanation  to  understand  how  the  stomach  can  produce 
a  secretion  which  is  capable  of  destroying  its  own  substance.  This  is, 
no  doubt,  due  to  the  manner  in  which  the  secretion  takes  place.  We 
have  already  seen  that  pepsine  is  a  constant  ingredient  of  the  glandular 
cells  formed  in  the  intcj^vals  of  digestion,  while  the  free  acid  is  produced 
by  a  sudden  exudation,  on  the  introduction  of  food.  The  acid  is  also 
poured  out  only  near  the  orifices  of  the  glandular  follicles,  being  at 
once  discharged  into  the  cavity  of  the  organ  and  absorbed  by  the 
alimentary  mass.  The  gastric  juice  can  exert  its  digestive  power  only 
in  the  presence  of  an  acid  reaction,  and  the  mucous  membrane  is  conse- 
quently protected  from  its  influence  by  the  alkalescence  of  its  intersti- 
tial fluid,  maintained  by  the  circulation  of  the  blood.  The  nature  of 
the  change  by  which  a  free  acid  is  produced  from  the  constituents  of 
the  alkaline  blood  is  not  certainly  known,  but  there  is  no  doubt  that 
this  acid  first  appears  after  the  exudation  of  the  fluids,  and  it  is  also 
plain  that  its  liberation  must  increase  for  the  moment  the  alkalinity  of 
the  remaining  constituents  of  the  mucous  membrane. 

But  after  death  self-digestion  of  the  stomach  is  not  an  unfrequent 
occurrence.  It  does  not  take  place  in  the  majority  of  cases,  because,  as 
a  rule,  digestion  has  been  suspended  during  the  last  hours  of  life,  and 
the  stomach  contains  little  or  no  gastric  juice.  On  the  other  hand, 
when  death  takes  place  suddenly,  soon  after  the  ingestion  of  food,  and 
when  the  body  is  not  too  rapidly  cooled,  the  accumulated  gastric  juice 
acts  on  the  walls  of  the  stomach  as  well  as  on  the  food  which  it  con- 
tains. Owing  to  the  stoppage  of  the  circulation,  the  local  alkalescence 
of  the  fluid  is  no  longer  maintained,  and  the  free  acid  at  last  prepon- 
derates over  the  blood  remaining  in  the  capillary  vessels.  The  mucous 
membrane,  thus  imbibed  with  an  active  digestive  fluid,  in  the  course  of 
ten  or  twelve  hours  may  be  so  softened  and  disintegrated  as  to  expose 
the  submucous  connective  tissue ;  and  occasionally  all  the  coats  of  the 
organ  have  been  found  destroyed,  with  a  perforation  into  the  peritoneal 
cavity.  After  death,  accordingly,  the  tissues  of  the  stomach  are  affected 
by  the  gastric  juice  in  the  same  way  as  the  albuminous  ingredients  of 
the  food. 


*  Kevuti  do8  Sciences  Medicales.     Paris,  1878,  tome  xii.,  p.  721. 
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finJi/  Qvnnfitij  of  the  Gastric  Juice. — The  quantity  of  ^rastric 
juice  secroMi  during  n  fj^ivcn  time,  like  that  of  tho  isnliva,  variefi  much 
accordinjor  to  the  condition  of  the  scrrpting  organ.  An  exact  estimate 
of  its  daily  amount  is  diflicult  for  Bt-veral  reasons.  First,  if  excited  by 
artificial  irritation  of  tho  u-aptric  mucous  membrane,  its  quantity  is  not 
wi  abundant  as  when  produced  by  tho  natural  stimulus  of  food;  sec- 
ondly, if  excited  by  the  introduction  of  food,  a  part  of  it  is  ahsorljod 
by  the  alimentary  material,  and  consequently  cannot  be  collected  for 
nieasurrment ;  and  thirdly,  the  quantity  collected  durinjr  a  short  period 
does  not  indicate  the  rate  of  production  for  the  rest  of  the  twenty-four 
hours,  because  its  secretion  is  influenced  by  the  state  of  the  di^^stive 
procePB,  Neither  can  we  drnw  from  a  fistula  all  the  c^astric  juice 
obtainable  dnrinp  twenty-four  hours,  and  consider  that  as  representing 
the  normnl  dnlly  amount ;  because  we  should  be  taking  nvvay  n  quantity 
of  fluid  which  is  naturally  retained  for  reabsorption  by  the  blood-vessels. 
And  its  supply  would  be  consequently  diminished.  But  notwithstand- 
ing" these  difficulties,  sufTn'ient  facts  have  been  eollected  to  show  that 
the  gastric  juice  is  far  nioro  almndnnt  thnn  the  other  digestive  fluids. 
Beaumont  obtained  from  the  stomach  of  St.  Martin,  by  the  introduction 
of  a  g^um-elaatic  catheter,  44  grammes  of  gastric  juice  in  fifteen  minutes. 
Wo  have  often  collected  from  a  medium-sized  dog,  at  the  Wginning 
of  digestion,  from  fiO  to  75  grammes  in  the  same  time.  Bidder  and 
Schmidt,  in  a  dog  weighing  15.5  kilogrammes,  obtained  by  separate 
experiments,  consuming  in  all  twelve  hours,  793  grammes  of  gastric 
juice.  If  these  experiments,  as  is  probable,  indicate  the  average  rate 
of  secretion  during  (he  day,  the  entire  quantity  for  twenty-four  hours, 
in  an  animal  of  that  size,  would  bo  1586  gi'ammes;  or  about  100 
grammes  for  ever>'  kilogramme  of  bodily  weight.  By  applying  this 
ealcuIatioQ  to  a  man  of  ordinary  size  the  authors  estimate  the  aver- 
age daily  quantity  of  gastric  juice  in  man  at  about  6500  grammes. 
Schmidt,  in  his  case,  already  quoted,  of  a  woman  with  gastric  fistula, 
obtained,  as  the  mean  result  of  several  observations,  580  grammes  of 
jtric  juice  in  the  course  of  an  hour.  The  secretion,  however,  was 
poorer  in  characteristic  ingredients  than  that  usually  obtained 
»e  dog,  and  was  also  inferior  in  digestive  power. 
ler  method  for  estimating  the  daily  quantity  of  gastric  juice 
is  to  aecertain  the  amount  required  for  digesting  the  albuminous  food. 
According  to  Lehmann,*  one  gramme  of  coagulated  albumen,  calculated 
ae  dry,  requires  for  its  solution  20  grammes  of  gastric  juice.  As  the 
average  daily  consumption  of  albuminous  matter  in  man  is  130 
grammes,  this  would  require  SfiOO  grammes  of  gastric  juice  per 
day.  Onr  own  observations  on  the  digi-stibility  of  fresh  meat  make 
tho  daily  requirement  higher.  A  weighed  (juanttty  of  fresh  lean  meat, 
containing  78  per  cent,  of  water  and  22  per  cent,  of  solid  ingredients, 
cut  into  small  pieces,  and  digested  for  ten  hours,  with  frequent 
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agitation,  in  a  mrnsured  quantity  of  fresh  pastrie  jnice  at  the  tempera- 
ture of  SS-*  C.  The  liquefied  portions?  were  then  fllterod  away,  the 
residue  evaporated  to  dryness,  nnd  the  quantity  of  fresh  meat  remain- 
ing undissolved  thus  ealculatcd  from  the  percentage  of  its  solid  ingredi- 
ents. In  this  way  it  virns  found  that  one  gramme  of  meat  had  been 
liqupfiod  by  13.5  grammes  of  the  digentive  fluid.  Wo  have  already 
seen  (p.  129)  that  a  niun  eomsume!*,  in  his  ordinary  daily  ration,  453 
grarameB  of  meat ;  whieh  would  require  for  complete  digestion  a  little 
over  6000  grMmnies  of  ga3tTic  juice.  This  agrees  vorv  nearly  with 
the  estimate  of  Iliddor  and  Schmidt  given  above ;  and  if  ga.*<iric 
juice  wore  the  only  digestive  fluid  acting  on  the  food,  we  might 
accept  it  as  correct.  But  Ijclow  the  stomach  other  secretions  take 
part  in  the  digestive  process ;  and  some  of  them,  ospecially  the  pan- 
creatic juice,  haw  a  certain  action  on  albuminous  matters,  and  way 
facilitate  eonsiderwlily  their  solution  in  the  intes^tine.  For  the  partial 
solution  of  meat,  the  disintegration  of  its  fibres,  and  its  reduction  to 
a  soft,  grumous,  or  semi-fluid  consistency,  Beaumont  found  a  much 
smaller  quantity  of  gastric  juice  sufficient.  In  one  experiment,  one 
gramme  of  cooked  meat  was  disintegrated  by  2.5  grammes,  and  in 
another  by  1.83  grammes  of  gastric  juice.  Its  complete  solution 
would  of  course  require  a  larger  quantity. 

These  data  are  insufficient  for  drteruiining  the  })recise  quantity  of 
gai^tric  juice  required  for  digestion.  But  if  we  allow  sufficient  weight 
to  all  the  observations  on  this  subject,  it  is  evidently  very  abundant', 
and  it  would  not  be  extravagant  to  estimate  its  quantity  as  at  least 
3000  grammes  per  day. 

Process  of  Stomach  Diijestion. — The  fir.st  effects  of  the  introduction 
of  food  into  the  stomach,  according  to  all  observers,  are  increased  vas- 
cularity of  its  mucous  membrane,  a  slight  elevation  of  its  temperature, 
and  the  exudation,  iu  greater  or  less  ahundance,  of  its  acid  secretion. 
.\i  the  same  time  the  perigtaUic  movement  hegiiis  to  take  place,  by 
the  alternate  contraction  and  relaxation  of  the  longitudinal  and  cir- 
cular fibres  of  the  muscular  coat.  This  motion  is  minutely  described 
by  Beaumont,  who  examined  it,  both  by  watching  the  movements  of 
the  food  through  the  gastric  (istula,  and  by  introducing  into  the  stomach 
the  bulb  and  stem  of  a  thcrmoiuefer.  According  to  his  observations, 
the  food,  after  entering  the  cardiac  orifice,  is  first  carried  to  the  left 
into  the  fundus  of  the  stomach,  thence  downward  and  along  the  great 
curvature  to  the  pyloric  portion.  In  this  region  there  was  often  a 
constrietiou,  by  which  the  tln-rtno meter  was  gently  grasped  and  drawn, 
with  a  twiesting  UJotiou,  toward  the  pylorus.  In  a  moment  or  two,  it  was 
again  released  and  carried,  together  with  the  food,  along  the  small 
curvature  of  the  organ  to  its  cardiac  extremity  This  circuit  was 
repeated  so  long  as  any  food  remained  in  the  stomach ;  but  toward 
the  end  of  digestion  it  became  less  active,  and  the  stomach,  when  com- 
pletely empty,  returned  to  its  ordinary  quiescent  condition. 

The  muscular  action  of  the  stomach  during  digestion  in  the  dog  may 
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be  observed  by  means  of  a  gastric  listula.  A  metallic  catheter,  intro- 
duced through  the  fistula  when  the  stomach  is  empty,  must  usually 
be  hold  in  place,  or  it  will  fall  out  by  its  own  weight.  But  on  the 
introduction  of  food,  the  catheter  is  grasped  and  retained  with  some 
force,  by  the  contraction  of  the  muscular  coat.  A  twisting  motion 
of  its  extremity  may  also  be  frequently  obKcrved,  similar  to  that 
described  by  Beaumont.  This  peristaltic  action,  though  quite  gentle, 
is  sufficient  to  produce  a  churning  movement  of  the  food,  by  which  its 
different  portions  are  .shifted  from  side  to  side,  and  the  ga^^tric  Juice 
made  to  penetrate  thoroughly  all  it.s  parts.  It  thus  receives  a  more 
rapid  and  uniform  digestion  of  it:!<  various  ingredients.  The  move- 
ment is  one  which  cannot  be  fully  imitated  in  experiments  on  artificial 
digei^tion  in  test-tubes ;  and  the  process,  under  these  circumstances,  is 
conijequently  less  rapid  than  in  the  interior  of  tlm  stomach. 

The  alimentary  matters,  thus  incorporated  with  the  gastric  juice,  are 
disintegrated  by  the  liquefaction  of  their  albuminous  ingredients. 
Bread  consists  mainly  of  hydrated  starch  and  solid  gluten.  By  diges- 
tion the  gluten  is  converted  into  .soluble  peptone,  the  starch  being 
thus  set  free,  and  the  whole  reduced  to  a  diffluent  condition.  The 
same  effect  is  produced  on  bread  subjected  to  the  action  of  gastric 
juice  in  a  test-tube,  the  gluten  passing  into  a  liquid  condition,  while 
a  depntiit  of  unaltered  starch  settles  at  the  bottom.  Cheese,  consisting 
of  coagulated  caseine  and  luilk  globules,  undergoes  an  analogous  change. 
Its  caj^eine  is  liquefied,  while  its  liberated  fat  globules  rise  to  the  upper 
of  the  fluid,  forming  a  creamy-looking  layer  on  its  surface. 

Aflijxtse  limue  is  di.sintegrated  by  the  liquefaction  of  its  fibrous  and 
membriiuous  parts,  while  the  fatty  matter  escapes  in  the  form  of  oil 
droits,  floating  upon  the  other  contents  of  the  stomach.  Beaumont 
always  found  free  oil  globules,  thus  extricated  from  the  fatty  tissues 
soon  after  they  had  been  taken  with  the  food ;  and  it  is  easy  to  verify 
ihis  observation,  either  by  artiQciul  digestion  of  adipose  tissue  in 
^g»etric  jnice,  or  by  opening  the  stomach  of  an  animal  after  the  admin- 
istration of  food  containing  fat. 

The  digestion  of  muscular  flesh  is  also  at  first  a  process  of  disin- 
tegration. The  connective  tissue  surrounding  the  fibrous  bundles 
yields  to  the  action  of  the  gastric  juice,  and  tlie  libres  become  sepa- 
rated, forming  a  gruelly  mixture  of  microscopic  threads  and  fragments. 
The  fibres  then  break  up,  and,  when  examined  by  the  micro8CO|>e,  are 
found  to  have  lost  the  distinctness  of  their  transverse  striations.  In 
food  which  has  been  thoroughly  masticated,  this  change  goes  on  rap- 
idly and  uniformly  throughout  the  mass.  If,  as  in  the  dog,  the  meat 
lie  swallowed  without  much  mastication,  or  if  portions  be  suspended 
in  a  test^tu^>e  with  gastric  juice,  the  digestive  action  progresses  from 
without  inward.  The  external  parts  are  first  softened  and  decolorized, 
becoming  covered  with  a  grayish  layer,  of  grumous  consistency,  con- 
taining the  isolated  fragments  of  muscular  fibre.  As  these  portions 
am  removed,  the  action  extends  to  the  parts  bcucatb.  aud  so  on  until 
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the  whole  is  reduced  to  a  uniform  mixture,  of  gruelly  consistency,  in 
which  only  remnants  of  tht-  niiisoular  fibres  can  lie  det<»cte<i  by  the 
microHCope.  It  is  this  appnrpntly  hnmop-enoous,  pult^iwous,  or  seini-6uid 
material  that  was  formerly  desip-nated  by  the  name  of  "chyme."  It  is 
a  mixture  of  disintejirrated  and  scnji-^lijreKted  tissues,  portions  of  whic 
have  Vjeeu  liquetied  while  others  are  not  yet  reduced  to  a  state  o 
solution. 

Miflr,  when  tnken  into  the  stomneh  in  a  fre.'^h  condition,  is  first  coapt 
latcd,  afterward  dissolved.  The  preliminary  cotigidation  of  its  Ciiseine,^ 
under  the  infiucnce  of  the  ffa.<tric  juice,  lakes  place  very  rni)idly. 
Beaumont  found  that  milk  could  Ik-  withdrawn  in  a  coagulated  condi- 
tion fifteen  minutes  after  its  introduction  into  the  stomach ;  and  that 
if  the  mixturc^  were  kept  at  the  t<!mperature  of  .38°  C,  the  coag"ula  were 
aj^iiin  liquefied  in  the  course  of  eight  hours.  The  coan'ulation  of  milk, 
by  contact  with  the  gastric  juice,  is  in  the  form  of  minute,  soft  flocculi, 
which,  at  the  temperature  of  the  body,  readily  undergo  the  conversion 
inta  peptone,  and  are  thus  redissolved.  Milk,  as  used  by  adults,  in 
various  culinary  preparations,  is  jLTt-nerally  incorporated,  in  the  coagu- 
lated form,  with  other  articles  of  food. 

The  vegetable  (issues,  as  a  rule,  arc  digested  in  a  tnanner  similar  t 
that  deseril)ed  above.  The  albuminous  matters  are  diss<jlved  out,  leav- 
ing the  starchy  and  uleajjinous  iuyredients  in  a  free  condition,  but  chemi- 
cally uuchaujt^d.  As  these  tissues  (Lfenerally  contain  a  smaller  propor- 
tion of  albuminous  miitler  than  animal  food,  the  main  result  of  the 
changes  which  tiny  undi-rpo  in  the  stomach  is  their  disintej^ation 

The  gastric  juice,  after  cotiiiueneiing  its  action  in  the  stomach,  paK.w«, 
with  the  debris  of  tho  food,  into  the  intesfine.     This  can  be  seen  in  th* 
dog  by  killing  the  animal  after  feeding,  and  examining  the  contents  ol 
the  alimentary  canal.     The  same  thing  may  be  observed  by  means  o 
a  duodena!  fi.-«tula,  established  by  an  operation  similar  to  that  for  fistula 
of  the  stomach.     A  silver  tube,  with  flanures  at  each  end,  is  introduced 
into  the  lower  part  of  the  duodenum,  and  the  wound  allowed  to  ht^al, 
after  which  the  cont^^nts  of  the  intestine  may  be  withdrawn  and  exam- 
ined at  ditferent  periods  of  digestion. 

About  half  an  hour  after  the  ingestion  of  a  meal,  the  gastric  juice 
begins  to  pass  into  the  duodenum,  recognizable  by  its  Btrongly-marked 
acidity,  and  containing  a  c<TtaiM  (pumtity  of  peptone  in  solution.  I^^H 
soon  afterward  Itcconies  mingled  with  thu  deliris  of  muscular  fibres,  fa^B 
vesicles,  aufl  oil  drops  ;  substances  easily  recognizable  under  the  micro- 
scope, and  which  product!  a  grayi-sh  turbidity  in  the  fluid  withdrawn 
from  the  fistula.  By  the  continuous  passage,  iu  this  way,  of  alimen- 
tary material,  nuxed  with  gastric  juice,  the  stomach  In-comes  gradually 
cleared  of  its  contents.  In  the  experiments  of  Beaumont  the  time 
required  for  the  disappearance  of  food  from  the  stomach  varied  from 
one  hour  to  five  hours  and  a  half,  according  to  the  quality  and  quantity 
of  the  material  u.se<l.  In  those  of  Prof.  F.  G.  Smith  on  the  same  sub- 
ject, food  seldom  remained  io  the  stomach  more  than  two  hours  after  its 
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introduction.  Three  hours  is  prnbahly  sufficient,  as  n  rule,  for  complete 
stomach  digestion,  in  man,  when  the  food  is  in  moderate  quantity  and  has 
l>een  properly  prfparecj  hy  rookinp  and  mastication.  In  the  dojtf,  where 
the  food  is  generally  swallowed  in  fragments  of  sonic  size,  the  process  is 
lonpcr ;  and  a  moderate  meal  of  fresh  uncooked  meat  requires  from  nine 
to  tweU'e  hours  for  its  liquefaction  und  disapyMarance  from  the  stomach. 

The  ^stric  jnice,  after  acoomplishingr  its  work  in  dijirerttion,  is  reab- 
mrI)od  from  the  alimentary  canal  hy  the  blood-vessels.  It  forms  a 
vehicle  for  the  dissolved  nutritious  material,  and  ap^in  enters  the 
circtilation,  bringing  with  it  the  ulinientary  substances  in  solution. 
An  abundant  supply  of  the  secretion  may  therefore  be  poured  out 
daring  digestion,  at  an  expense  to  the  blood,  at  any  one  time,  of  only 
a  Bmali  quantity  of  fluid.  The  simplest  investigation  shows  that  neither 
itric  juice  nor  peptones  accumulate  to  any  considerable  amount  in  the 

maeh ;  each  portion  of  the  food,  when  digested,  being  disposed  of  by 
absorption,  together  with  its  solvent  fluid.  There  must  l>e  accordingly, 
during  digestion,  a  continuous  circulation  of  fluids  from  the  blood-ves- 
Bols  to  the  alimentary  canal,  and  from  the  alimentary  canal  back  again 
to  the  blood-vessels. 

That  this  really  takes  place  is  shown  by  the  following  facts ;  First, 
If  a  dog  lie  killed  some  hours  after  feeding,  there  b  never  more  than  a 
very  small  quantity  of  fluid  found  in  the  stomach,  just  suflicient  to 
auear  over  and  i>enet.rate  the  half  digested  pieces  of  meat;  ami  sec- 
ondly, in  the  living  animal,  grastric  juice,  drawn  from  the  listula  five 
or  six  hours  after  digestion  has  been  going  ou,  contains  little  or  no  more 
peptone  in  solution  than  that  extracted  fifteen  or  twenty  minutes  after 
the  introduction  of  food.  To  obtain  gastric  juice  saturated  with  ali- 
lueutarA-  matt^-r,  it  must  be  artificially  digested  with  food  in  test-tubes, 
where  absorption  and  renovation  cannot  take  place. 

The  secretion  of  gastric  juice  is  much  influenced  by  nerftons  condi- 
tiana.  It  was  noticed  by  Beaumont,  in  his  ex))oriments  with  Ht.  Mar- 
tin, that  irritation  of  the  temper  or  other  moral  causes  would  often 
diminish  or  suspend  the  supply  of  the  gastric  fluids.  Any  febrile 
action  or  unusual  fatigue  would  exert  a  similar  eifect.  Every  one  is 
aware  how  readily  mental  disturbances,  such  as  anxiety,  anger,  or  vexa- 
tion, will  lake  away  the  appetite  and  interfere  with  digestion.  Impres- 
sious  of  this  kind,  especially  at  the  eoinnu?ncement  of  the  prixrss,  seem 
liable  to  produce  a  lasting  effect  and  to  disturb  digestion  for  the  entire 
day.  In  order,  therefore,  that  the  function  may  be  properly  performed, 
food  should  be  taken  tuily  when  the  appetite  demands  it ;  it  should  be 
thoroughly  masticated;  aud,  finally,  both  miud  and  body,  particularly 
in  the  early  part  of  digestion,  should  be  free  from  unusual  or  dis- 
agreeable excitement. 


Pancreatic  Juice. 

The  pancreas,  which  is  similar  in  general  structure  to  the  salivary 
fpUuids,  lies  across  the  upper  part  of  the  abdomen,  with  its  larger  or 
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ripht-hand  extremity  in  contact  with  tho  duodonnm.     It  is  tTflvori=ted 
lonjritudinally  l>y  a  niRin  r»xrretory  dnct,  rcof  ivfniDr.  as  ft  pnsf«»s  from  l»'fl 
to  ri^^ht.  IntiTnl  l>ranch<i.s  from  the  g'lurHluJnr  lobiiloH,  and  opoiiin^r  intoi 
the  duodeuuiu  next  to  the  orifice  of  the  coannoa  biliary  duct,  about  leii( 
centiiuctrcB  below  the  pylorus.     It8  secretion  thus  mingltfS  with  the' 
products  of  Htoniuoh  di>;eation,  al-most   immediately  after  they  have 
pafarii^d  into  the  duodenum. 

Fto.  26. 


POSTlOR  OF  iiUMAK  I'ANC'KEaM  AM"  iHDliEKUM.— (1.  CJITUy   (if  iIuCkIcUUIU.     6.  OrifiC*  Of  Ql*] 

erratic  due U    c,  Orifieo  of  tower  pnncrcntic  duct.    (Bc-ruani.) 

The  arrangement  of  the  gland  and  its  duet,  in  the  lower  animals, 
in  most  respects  similar  to  tho  nitove.  In  the  dog-  and  cat,  there  are 
two  ducts  opening'  into  the  intestine,  one  in  juxtaposition  with  the 
biliary  duct,  the  other  from  one  to  three  ccutituetres  farther  down. 
The  lower  duct  i»  usually  in  these  nnimal.s,  though  not  always,  the 
larjcrer  of  the  two,  nod  they  frenerally  communicate  with  each  other  in 
the  substance  of  the  g^land  by  a  tTansverse  branch.  Even  in  man,  as 
?hown  by  Bernard,  Kiflliker,  and  Sappcy  (Fig.  25),  there  la  often  a 
small  accessory  duct  opening  into  the  intestine,  eomctimea  above  and 
sometimes  }>elowthe  principal  ••xcretory  orifice.  Tho  moj^t  marked  pe- 
culiarity of  these  ]>art3  is  in  the  rabbit,  where  the  sinj^^le  i>aucreatic  duct 
opens  into  the  intestine  30  or  40  centimetres  below  the  biliary  duct. 

The  pancreatic  juice  is  obtained  from  the  livin/.^  animal  by  opening 
the  abdomen,  and  inserting'"  a  canula  into  the  main  jtancreatic  duet, 
immediately  before  its  eutiaiire  into  the  inteytiue.  The  ciiuula  being 
eeeured  in  position  by  a  lij,'aluro  placed  around  the  duet,  the  parts  are 
returned    to   the   abdominal   cavity,  the   external  wound  closed  with 
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iture^  and  the  pxtromity  of  the  ontnila  left  prnjertinpr  lietween  Its 
Iges.  The  socretuiri  Is  t!iii8  diverted  from  the  iiitcntino,  uud  niiiy  bo 
rolleetpd  as  it  flows  from  the  ranulti.  The  ojKTation  has  bcou  most 
frequently  performed  on  the  do]f,  Init  it  has  ;ilso  been  done  ou  the 
rabbit,  the  ox,  the  sheep,  the  goat,  the  pig,  and  the  g'oose.  The  Becre> 
tion  has  been  obtained  from  the  horse,  by  opcninp:  the  duodenum  and 
inserting  a  cnnala  in  the  orilice  of  the  pancreatic  duet. 

The  fistuhi  produced  liy  this  means  is  a  temporary  one,  as  the  ligature 
eoon  cutrf  its  way  throujirh  the  duct,  and  the  eanula  i.s  dinplaeed  ;  the 
comraunicntion  of  the  duct  with  the  intestine  soon  becominpr  re-estab- 
lished. In  the  ox,  this  happens  within  six  or  eight  days  after  the 
operation ;  and  in  the  dog,  according  to  Bernard,  within  thnn-  days. 
As  the  pancreas,  furthermore,  is  very  sensitive  U^  irritation  and  its 
secretion  liable  to  alteration  by  the  inflammatory  i)roeess,  it  should  be 
collected  for  examinutioo  within  twenty-four  hours  after  the  insertion 
of  the  canuhi. 

Physical  Properties  and  Composition  of  the  Pancreatic  Juice. — 

Pancreatic  juice,  obtained  from  the  dog'  in  the  above  manner,  during 

'Mijregtion,  is  a  clear,  colorless  fluid,  distinctly  alkaline,  with  a  well 

marked  viscid  consistency,  like  fluid  white  of  e^g.     Owing  to  the 

abuudance  of  its  albumenoid  ingredients,  it  eungulates  completely  at 

le  boiling  temperature,  often  solidifying  into  a  jelly-like  mass.    It  also 

tumes  a  gelatinous  consistency  (in  being  cooled  down  to  O-"  C,  again 
"liquefuui;  wlieu  raised  to  the  ordinary  temperature.  According  to 
Schmidt,*  it  has  the  foUowiug  composition: 

OOMPOBITION  OF  PaNOKBATIC  JuICE. 

Water 

Alliuinenoid  stibf^tancej' 

.Sjtliuiii  fhlorido    .... 

Ptitjissiiiin  i-hlori(lo  ..... 

Liiijo  phohpliHte 

Mat^nei^tun  pljtwjiliatc 

Soda,  Tunc,  and  uiugnc'sin,  in  organic  eoud)inHtion 


900.70 
410.44 
7.85 
0.02 
0.41 
0.12 

o.no 
inon.oo 


Th<'  pancreatic  juice  resembles  a  solution  of  albumen  in  being  coag- 
ulable  by  heat,  l>y  mineral  acids,  and  by  alcohtd  in  excess.  It  presents, 
however,  the  important  distinction  that  its  organic  matter,  after  being 
precipitated  by  alcohol,  is  again  soluble  in  water.  This  substance  is, 
therefore,  dilTerent  in  character  from  ordinary  albumen,  notwithstand- 
iug  the  similarity  in  stuue  of  its  reactions. 

A  striking  jR-culiarity  of  this  secretion,  duo  to  the  presence  of  its 

Ibumenoid  matter,  is  its  property  of  emuJsinning  neutral  fats.     If  a 

sw  drops  of  oil  Ix*  shaken  in  a  test-tube  with  fresh  pancreatic  juice,  it 

is  instantaneously  broken  up  into  a  permanent  uniform  emulsion ;  and 

if  the  oil  be  in  slight  excess  it  forms,  after  a  time,  an  opaque  creamy 

layer  u]X>u  the  surface,  the  greater  part  remaining  diffused  through  the 

*  Alinalea  der  Chemie  and  Pharmacie.    Heidelberg,  1S54,  Band  xcii.,  p.  33. 
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mixture.  The  pancreatic  Juict*  acts  in  this  way  like  a  eoluUon  of 
albumen.  Ite  emulsifying  power  is  not  due  to  its  alkaline  reaction,  but 
to  the  organic  mattc-r  which  it  contains;  since  itn  alkaleseunue  may  be 
neutralized,  &»  shown  by  Bernard,*  without  sennibly  impairing  itis 
activity  in  this  reHpeet.  The  iustajitaneous  elleet  thus  produced  on 
the  fats  is  limited  to  their  emulsion.  They  are  disAeminaU>d  through 
the  fluid  in  the  form  of  minute  particleri,  but  their  chemical  characters 
are  not  altered  until  other  chauj^es  occur  at  u  later  time. 

Among  the  albumeuoid  ingredient!}  of  the  pancreatic  juice  are 
sul)stances  belonging  to  the  class  of  fermentj*,  which  exert  three 
distinct  actions  on  aliuiontary  rtubfltance^s ;  namely,  a  transforming 
action  on  c^tarch,  a  digestive  action  on  coagulated  albumen,  and  a  partial 
acidifying  action  on  fatj*.  All  tho-ne  substuuccH  may  be  precipitated  by 
alcohol  from  pancreatic  juice,  or  extracted  by  water  or  by  glycerine 
from  the  pancreatic  tisdue ;  but  they  nave  not  been  obtained  in  a  :state 
of  purity,  or  even  distinctly  separated  from  each  other,  to  the  satL^ 
faction  of  phy.sioIogical  cheuiiHts. 

The  lirst  of  these  substances,  the  so-called  poncrfatine,  is  a  diuf^tatic 
ferment ;  that  is,  it  haa  the  power,  like  vegetable  diatitase,  of  trans- 
forming 8iarc-b  into  glucose.  It  produces  this  change  very  readily  at 
the  Unujieraturt'  of"  th«  hudy,  and  it  may  l>e  preservi-d  under  alcohol  or 
in  glycerine  i'or  an  indeliuitc  time  without  losing  its  properties.  When 
dry,  it  may  be  heated  to  100'-'  C,  and  still  retain  it«  catalytic  power; 
but  in  watery  solution,  it  is  coagulated  and  rendered  inactive  by  a  boil- 
ing temperature.  It  is  pradun-d  in  iht-  gland,  prolmhly  by  the  Irau^ 
formation  of  some  previously  foriued  substance,  ^ince  it  has  been  found 
by  Liversidge.f  that  after  it  has  b<^eu  completely  extra<*ted  by  glycerine 
irom  the  chopped  glandular  tissue,  the  inactive  residue,  if  exposed  to 
the  air  for  five  or  six  hours,  will  regenerate  the  ferment,  so  that  it  may 
again  be  extracted  by  water  or  glycerine.  Thif^  ferment  exists  in  the 
pancreas  and  the  pancreatic  juice  of  every  animal  thus  far  examined. 
The  second  ferment,  known  as  trypsine,  is  that  which  causes  the  solu- 
tion of  albumenuid  nmlters.  Thi-s  property  of  the  pancn-atic  juice,  first 
observed  by  Bernard  and  Corvisart,  haw  \>ovn  the  suhjret  of  many  exjKir- 
iments,  among  the  most  vidtmble  of  which  are  those  of  Kiihne.|  Tbi« 
observer  operated  both  with  the  pancreatic  juice  of  the  dog  and  with 
infusions  of  the  glandular  tissue.  He  found  that  the  fresh  viscid 
secretion  could,  in  from  half  an  hour  to  three  hours,  effect  the  solution 
of  coagulated  tibrine  and  albumen,  without  modification  of  it^  alkaline 
reaction.  If  the  process  l>e  arrested  at  this  point  no  putrefactive 
changes  take  place  in  it ;  but  if  continued  for  a  longer  time,  it  givee 
rise  to  the  products  of  decomposition.  The  wtivity  of  this  ferment  is 
greatest  in  an  alkaline  solution ;  it  goes  on,  though  with  less  energy, 

*  LiquideB  dc  I'Organinme.     Parif),  1859,  tome  ii.,  p.  846. 

f  StDdlen  from  the  PhysiologieuJ  Laboraiorx  of  tbc  Univenitj  of  C-ainhridge, 
Part  I.     Cambridge,  187ii.  p.  49. 
t  Atchiv  fiir  pttUiolot^iaohe  Atiatomie  uad  PbTaiologie,  1807,  xxxix.,  p.  130. 
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•^  Oeutrtil  iuixtur«' ;  nurl  is  nearly  or  qiiiU'  sus^pended  in  the  presfuce 
flfiir^iliiti'  tieul.  Under  fuvoralile  rnnditiuns  it  dissolves  not  only  coag- 
ulated tilirine  and  alhninen,  hut  also  the  suhfttance  of  animal  tii^«^iie8. 
In  h'\»  exporiinents  with  the  tissue  of  the  pjincrea."*,  Kiihno  placed  the 
finelj  divided  jrland  in  warm  water,  with  a  weiifhed  i|uantity  of  the 
sub^lanre  to  he  experrnionted  on  ;  nllowinff  fho  infnsion  of  the  panereo* 
and  the  dii^retntion  of  the  alhuminous  mntter  to  proceed  simultaneously. 
He  found  that  when  eui ploying  for  this  purpose  a  dog^'a  p&ncreaa  of 
firom  50  to  60  jfTJininies  weijfht,  400  graniincrf  of  boiled  and  pressed 
-Bbrine  were  reduced  to  an  insipniticant  residue  in  from  three  to  six 
hours,  the  reaetion  of  the  maws  eontinuing-  faintly  alkaline. 

The  action  of  the  pancreatic  ferment  on  albunienoid  matters  differs 
from  that  of  pi-psino  in  its  details,  but  is  the  same  in  its  result.  If 
c*<>ag-ulatcd  fil>rine  be  immersed  in  pancreatie  juice  or  an  alkaline  tryp- 
Bine  Molulion,  ii.  does  not  become  swolli-n  and  gelatinized,  nor  is  it 
traosformed  iuto  syntonine  as  it  would  be  in  gastric  juice.  The  pieces 
of  Bbrine  Ix-come  rather  shrivelled  and  condeni^ed.  and  arc  afterwanl 
liqueBed  without  passing  through  the  umditifution  of  syutonine.  But 
when  liquefaction  is  Hceoniplished,  the  substance  in  solution  has  all  the 
characters  of  jH*ptone,  in  the  same  degree  as  if  produced  by  stomach 
difrestion — its  nou-coagulability  by  heat,  its  solubility  in  water,  in  dilute 
SM^idd  unil  alkalies,  and  in  neutral  solutions,  and  its  diffusibility  through 
aniiriftl  membranes.  The  final  change  produced  liy  trypf*im'  in  albu- 
meooid  substances  appears,  therefore,  to  be  a  hydration,  but  effected  by 
a  UHTerent  process  from  that  of  digestion  with  gastric  Juiee. 

It  seems  evident,  ueeordiugly,  that  the  pimcreas  during  life  produces 
a  ferment  which  is  capalde  of  dissolving  its  own  tissue.  The  difficulty 
of  accounting  for  such  a  fact  is  greater  in  this  case  than  in  that  of  the 
stomach ;  since  the  panen'atic  ferment  is  most  active  in  presence  of  an 
Alkaline  reaetion,  like  that  uf  thi-  bitjod  and  the  interstitial  fluids  of  the 
tissues.  It  is  indiciit^'d  by  the  experiments  of  Huidenhain  that  trypsine 
id  not  contained  tinder  ilxS  own  form  in  the  glandular  cells  during  life, 
but  is  produced,  at  the  moment  of  secretion  or  alter  death,  from  a  pre- 
existing inactive  substance,  termed  "  zymogen."  There  are,  no  doubt, 
such  prelinunary  stages  in  tin-  fornnition  of  all  ferment  bodies;  but  the 
lryp>ine  ferment  is  actively  present  in  freshly  sirreted  pancreatic  juice, 
ttud  its  mode  of  production  from  the  preceding  inert  material  must  be 
for  the  most  part  a  tnatter  of  surmi.^e.  The  pancrca.s  does  not  aj^ficar 
liAblc,  like  the  slonuieii,  to  self-digestion  after  death,  though  the  sur- 
ruundiuu^  conditions  would  s<'em  often  favorable  to  such  an  alteration. 

The  third  substance  of  this  kind  in  the  pancreatic  juice,  causing 
deeoiuposition  of  the  neutral  fats,  with  lilKTution  of  a  fatty  acid,  has 
not  received  a  di.'itinet  name.  It  is  known,  however,  by  its  action 
whenever  fresh  pancreatic  juice,  an  infusion  of  the  pancreas,  or  its 
moHt  tissue,  is  brought  in  eontact  with  iHpild  neutral  fat  at  the  teraper- 
attire  of  35°  to  40-'  C.  In  a  short  tinu>  an  acid  reaction  becomes 
manifvHt,  sufficient  to  redden  blue  lltmU5-pa)>er,  and  on  keeping  the 
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mixture  at  the  above  temporaturo,  the  quantity  of  acid  increases. 
Bernard  and  Berttdot*  have  shown  that  in  this  prooesH  the  fat  is  decom- 
posed into  a  fatty  acid  and  iirlyeorine.  A  few  deci^framnjes  of  neutntl 
fat,  emulsified  with  20  ^'rammes  of  fresh  pancreatic  juice  from  the  dog, 
and  kept  at  a  moderately  warm  temperature,  were  almost  conipteiely 
Hcidificd  at  the  end  of  twenty-four  hours,  leaving  only  about  onc-t^utb 
|tart  of  uudecompoaed  fat.  The  change  which  occura  when  fat  it>  re- 
placed by  a  fatty  acid  and  glycerine,  is  as  follows : 

Steariiiv.  Wiiler.         Stearic  Acid.    Olywrine. 

c«  n„„  n,  +  3  (n»o)  ^  r„  n,„  o,  +  c,  ii,  o. 

It  includes,  therefore,  a  hydration,  and  cannot  take  place  except  in  the 
presence  of  water.  If  the  exfjerirnent  be  i>erfornied  with  pancreatic 
juice  of  noruuil  alkaline  reaction,  or  with  alkaliuo  infuf^ions  of  the 
pancreas,  a  portion  of  the  acid  set  free  ia  saponified  by  union  with  the 
alkaline  buses.  The  chemical  cbang^e  accordiugly  '^^  the  same  a.s  that 
iij  the  saponification  of  fats  by  continued  boiling  with  water  and  an 
alkali;  the  feruifnt  of  the  paTicreutic  juJcc,  in  a  slmrt  time  and  at  a 
moderate  warmth,  taking  the  place  uf  prolonged  ebullition  in  its  influ- 
ence on  the  fats. 

According  to  Wurtz  and  Hoppe-Seyler,  this  ferment,  unlike  the  two 
preceding,  is  insolulilo  in  glyeerlnr,  ami  is  rendered  inactive  by  contact 
with  alcohol.  Its  acti<m  can  be  studied  only  in  ihe  pancreatic  juice, 
or  in  watery  infusions  of  this  glandular  tissue;  and  its  physical  qual- 
ities and  composition  are  even  more  iniperfectly  understood  than  those 
of  other  badies  of  the  same  class. 

Mode  oj'  Secretion  and  Daily  Quantiiij  of  the  Pancreatic  Juice. — 
When  examined  in  the  living  auiuial  by  means  of  a  canula  introduced 
into  its  excretory  duct,  it  is  found  that  the  action  of  the  pancreas 
varies  much  in  activity  at  ditferent  times.  In  the  intervals  of  diges- 
tion, or  if  the  process  be  tempr)rarily  arrested  from  nny  cause,  no  fluid 
whatever  is  discharged  Irom  the  canula.  When  digestion  is  in  progrc8«<, 
the  pancreatic  juice  poon  begins  to  run  from  the  orifice  of  the  tube,  at 
first  slowly  and  in  drop.s,  Sonulinios  the  drops  follow  each  other  with 
rapidity  for  u  few  moments,  after  which  the  discharge  is  sUsjiended. 
It  then  reconuuonces,  and  continues  to  exhibit  similar  fluctuations  dur- 
ing the  whole  course  of  the  experiment.  Its  flow,  however,  is  at  all 
times  scanty,  as  compared  with  that  of  the  gastric  juice.  We  have 
never  Ik'cu  able  lo  collect,  in  a  dog  of  medium  size,  more  than  "5 
grammes  in  three  hours,  and  usually  the  quantity  has  been  much  less 
than  this.  Colin  found  a  great  variation  in  the  animals  on  which  he 
experimented,  the  quantity  being  from  two  and  a  half  to  thirty  times 
as  abundant  at  one  period  as  at  another.  In  the  bullock,  while  rumi- 
nating, the  largest  quantity  ubtiiined  was  342  grammes  per  hour. 

The  entire  quantity  of  pancreatic  juice  ]»er  day  cannot  therefore  be 
determined  with  precision,  but  it  is  evidently  moderate  in  amount,  as 


*  Bernard,  Lcy^ms  tie  Phyeiologib  Exp^imentale.     Paris,  1856,  p.  263. 
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ircd  with  the  other  digoptive  fiuids.  In  the  ox,  cow,  and  horse, 
L'oliii  found  tho  averag-o  i|iiaiitity  nearly  the  samt»,  corresponding:  to 
altnut  0.58  jLn"aminp  por  hour  tor  pvory  kiloj^raniiiu'  nf  bodily  weight. 
Schmidt  found  it,  in  the  dog,  not  more  than  0.2  graniiiKj'  per  kilogrnmme 
hour.  In  tho  most  succesisfti!  inRiancep,  we  have  found  it,  in  the 
dog,  as  mach  as  1.25  graniTnr  per  kilog-ramnie  per  hour  during  dige*- 
iion,  but  much  lest*  than  thi.x  in  the  intervals.  If  we  take,  as  the 
•vcrape  of  these  estimates,  0.5  gi-amme  per  hour  for  every  kilo- 
gratunie  of  bodily  weight,  it  would  give  for  a  man  of  medium  s.ize 
atKtut  800  graminPs  as  the  entire  quantity  .accreted  per  day. 

The  condition  of  the  pancreas  varie.s  at  different  periods  correspond- 
ing with  the  activity  of  its  secretion.  In  the  intervals  of  digestion  it 
is  pallid  and  dense ;  during  digestion  it  becomes  turgid  and  va.scular, 
itf*  ruddy  color  showing  the  increased  quantity  of  blood  in  itf-  ves.*^ls. 
According  to  mo^t  obaorver.-s,  the  ferment  which  effefi.s  the  solution  of 
albuminous  matters  can  only  be  extracted  from  the  pancreaH  of  animals 
killed  during  the  height  of  digestive  action,  which,  in  the  dog,  is  from 
five  to  Beven  hour.'i  after  the  ingestion  of  food.  When  digestion  comes 
to  an  end,  tho  vascularity  of  the  panc^eil^<  diminishes,  and  the  organ 
returns  to  its  quicjscent  condition.  This  periodical  excitement  at  the 
Ume  of  functional  activity  is  observable,  not  only  in  the  pancreas,  but 
in  ell  parts  of  the  digestive  apparatuH. 

Pli ijiiolotjical  Action  of  the  Pancreatic  Juice — Amoug  the  most 
important  effects  produced  by  pancreatic  juice  in  digei*tion  is  the  eviul" 
ttificalion  of  the  fats.  This  action  is  prompt  and  efficient  when  oil 
i)«  mixed  with  puocreatie.  juice  in  a  test-tube,  quite  unlike  anything 
obtained  by  Kiniilnr  experiments  with  saliva,  ga.-^trie  juice,  or  bile. 
Bemanl  found  that  the  freah  pancreatic  juice  of  the  dog,  at  38*^  C, 
vroald  form  a  complete  and  permanent  emulsion  with  olive  oil,  butter, 

jt,  or  lard,  when  mixed  with  either  of  these  substances  in  the  pro- 
tion  of  one  gramme  of  oleaginous  matter  to  two  grammes  of 
|wiicreatic  juiee.  In  the  horse,  ass,  ox,  sheep,  and  pig,  according  to 
Colin,*  this  property  of  the  pancreatic  juice  is  in  proportion  to  the 
amoant  of  its  albumenoid  matter;  one  part  of  oil  re<[uiring  for  com- 
plete emulsion  from  two  to  three  parts  of  pancreatic  juice  when  its 
organic  ingredients  are  abundant,  and  four,  live,  or  six  parts  when  they 
■re  in  smaller  quantity. 

Within  the  alimentary  canal  the  emulsive  action  of  the  pancreatic 
juice  is  equally  well  marked.  The  fats  are  not  aflected  by  either  saliva 
or  gastric  juice;  and  examination  shows  that  they  are  unchanged  in 
Ibetr  essential  characters  .>o  long  as  they  remain  in  the  stomach.  In 
this  organ  they  are  simply  liquefied  by  the  warmth  of  the  body,  and 
freo  by  the  solution  of  tiieir  albuminous  envelopes ;  and  they  are 

U  visible  in  larger  or  snutHer  drops  on  the  surface  of  the  alimeutary 

lea.     But  almo&t  imuicdiately  after  passing  into  the  int<»stine,  the 
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oily  portion  of  thf  food  is  altered  in  appearance,  l)cinp  converted  into 
a  wiiite,  opaque  imulsioa,  ternu'd  chyle,  always  found  durirjp  tligestion 
entangled  among  the  vahuliP  conniventcs,  and  adlitring  to  the  gurfat-e 
of  the  small  intestine.  The  digestion  of  fatty  eubstanccs  coasists 
mainly  in  this  emulsion,  hy  which  they  are  converted  into  chyle  and 
made  read}  for  absorption.  As  the  change  begins  to  take  place  in  the 
duodenum,  imnieilintely  below  the  orifice  nf  the  pancreatic  duct,  this 
circumstance  pointH  to  the  pancreatic  juice  a8  the  main  agent  in  the 
formation  of  chyle.  But  in  most  animals  the  biliary  duct  opens  into 
the  intestine  at  nearly  the  same  point,  and  it  might  therefore  be 
questioned  whether  the  bile  has  not  an  ecjual  share  in  the  result.  This 
doubt  was  removed  by  the  experiments  of  Bernard  on  the  rabbit.  In 
this  animal,  the  biliary  duct  opens,  in  the  usual  manner,  just  below 
the  pylorus,  while  the  pancreatic  duct  communicates  with  the  intestine 
3*)  or  40  centimetres  farther  down  ;  so  that  there  is  a  considerable 
e.xtent  of  the  small  intestine  containing  bile,  into  which  the  pancreatic 
juice  has  not  yet  been  discharged.  Bernard  fed  these  animals  with 
substances  containing  oil,  or  injected  melted  butter  into  the  stomach; 
and,  on  killing  them  afterward,  found  no  chyle  in  the  intestine 
between  the  openings  of  the  biliar}'  and  pancreatic  ducts,  while  it 
was  abundant  immediately  below  the  orifice  of  the  latter.  Above 
this  point  the  lacteal  vessels  were  empty  or  transparent,  while  below 
it  the}"  were  full  of  opaque  chyle.  These  experiments,  which  were' 
confirmed  by  Jackson,"^  show  that  the  emulsifying  action  of  the 
pancreatic  juice  on  oily  matters  is  exerted  within  the  body  during 
digestion,  and  that  it  is  the  direct  agent  in  the  production  of  chyle  in 
the  intestine. 

[t  is  probable  that  the  CLcidifying  action  of  pancreatic  juice  on  fats' 
is  less  extensive  during  digestion  than  its  emulsive  effect  These  two 
properties  of  the  secretion,  when  examined  in  the  test-tnlie,  show  a  dif- 
ference in  their  nurde  of  action.  The  cmulsitication  of  fat,  when  in  contact 
with  pancreatic  juice,  is  instantaneous  and  complete;  but  its  acidifi* 
cation  rei|uires  a  longtrr  time,  and  increases  progressively  for  some 
hoiir.s.  A  partial  acidification  and  saponification  undoubtedly  takes 
place  in  the  duodenum  ;  but  the  greater  part  of  the  fat  remains  in  the 
form  of  an  emuLsion,  and  the  absorption  of  chyle  liegins  immediately 
below  the  orifice  of  the  pancreatic  duct,  as  shown  by  the  condition  of 
the  lacteal  vessels.  The  chyle  in  the  lacteal  vessels  is  mainly  com- 
posed of  undecompnsed  fat;  and.  according  to  Hoppe-Soyler.  the  quan- 
tify of  saponified  fat,  in  both  the  intestine  and  the  lacteals,  is  enmpara- 
tively  insignificant. 

The  second  important  action  of  the  pancreatic  juice  in  digestion  is 
the  trani<forma(ion  of  starcfi  into  (flucose.  It  is  much  more  effective 
in  this  respect  than  the  saliva,  being  almost  instantaneous,  and  con- 
verting the  whole  of  the  starch  at  once,  while  that  of  the  saliva  is 
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Inal  and  leaves  for  some  time  a  part  of  the  starch  unchanged. 
MfO^gm  found  that  one  pranime  of  fretth  pancreatic  juice,  at  the  tem- 
perature of  35*^  C,  transformed  into  glucose,  within  thirty  minutes, 
4.6i  gjammes  of  Btarch :  while,  according'  to  our  own  observations, 
one  gramme  of  fresh  human  i^aliva,  mixed  at  38°  C.  with  a  watery 
solution  eo'ntaininpr  less  than  0.1  prramrao  of  boiled  starch,  though  it 
gives  a  manifent  sugar  reaction  in  one  minute,  still  contains  a  large 
portion  of  unaltered  9t4trcb  at  the  end  of  an  hour.  According  to 
rarions  ol)servers  (Bouchardat  and  Sandras,  Ranke,  Oorup-Besanez), 
paxicrestic  juice  alt-o  counes  the  trauaforraation  of  raw  starch,  a  prop- 
erty which  was  found  by  Bouchardat  to  \)e  very  energ<itic  in  the 
ppcretion  of  the  common  fowl. 

Starch  which  haj«  passed  the  stomach  unchanged  is  thus  promptly 
tm  1  into  glucose  aft^r  entering  the  duodenum.     In  dogs,  led 

wii'  Mire  of  meat  and  boiled  starch,  and  killed  at  various  periods 

after  feeding,  starch  i.s  for  a  time  abundantly  recognizable  in  the  stomach 
without  tracer  of  glucose,  while  in  the  fluids  of  the  small  intestine  it 
is  a)jt>ent  and  glucose  takes  its  place.  Accordint?  to  Langendorfl",* 
exclusion  of  the  pancreatic  juice  firom  the  intestine  in  pigeons  arrests 
ffo  completely  the  digestion  and  a^^similation  of  starch,  that  these 
Aoiiuals  die  after  considerable  emaciation,  in  from  six  to  twelve  days. 
TbU  secretion  is  plainly  the  principal  agent  iu  the  digestion  of  starch, 
and  a«  starchy  substances  constitute,  in  man,  rather  more  than  one-half 
the  entire  food,  its  function  is  hardly  second  in  importance  to  any  other 
in  the  alimentary  canal. 

It  is  less  easy  to  judge  of  the  pancreatic  juice,  as  an  agent  in  the 
ittilution  of  albuminous  matters.  Some  writers  attribute  niurh  impor- 
tance to  thw  action,  owing  to  its  striking  character  iu  artificial  diges- 
tions.    But  it  is  hardly  safe  to  assume  that  these  experiments  represent 

ly  the  phenomena  of  intestinal  digestion.     In  the  alimentary  canal 

lumber  of  different  secretions  are  in  operation  together  or  succes- 
sively, and  the  properties  of  each  may  be  more  or  less  modified  by  the 
„liBke  of  its  secretion,  or  the  proportion  in  which  it  is  mingled  with  the 
BFS.  The  action  of  pancreatic ^uice  on  albumenoids  is  most  marked 
!a  an  alkaline  menstruum,  and  is  diminished  or  arrested  by  an  acidity 
leaa  than  that  of  the  gastric  juice.  But  the  reactiou  of  the  small 
Intestine  in  carnivorous  animals,  during  digestion,  is  acid.     According 

Bernardf  this  is  always  the  case.  In  our  own  experiments,  with  a 
lenal  fistula  in  the  dog,  the  fluids  of  th«'  intestine  became  acid  as 
soon  as  the  contents  of  the  stomach  began  to  pass  the  pylorus.  Accord- 
ing to  Schmidt-Mulheim.l  who  operated  by  killing  the  animals  at 
Farious  periods  after  feeding  and  examining  the  intestinal  contents, 
the  reaction  of  the  dog's  small  intestine  during  the  digestion  of  meat 


•Archiv  fur  Anatomie  and  PhyBiologie.     I.«ipzig,  1879,  p.  26. 

t  LiqnidcB  de  I'Organisme.     Pum,  18-^5),  tome  ii.,  p.  347. 

I  .\rofaiv  fiir  Anatomte  uuU  Physiolugit;.     Leipzig,  1879,  p.  39. 
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is  always  acid,  usually  even  to  its  lowest  portion*.  Moreover,  some 
of  the  products  of  art i tit- in  1  tli^'cation  tlo  not  occur  with  tho  same  readi- 
ness in  the  intestine  of  the  liviiijr  animal.  In  Kiihne's  experiments  oa 
the  artiHcial  digention  of  coagulated  fihribe  by  trypsine  solutions,  about 
one-half  the  peptone  produced  was  further  decomposed  into  other  pro- 
duets,  enjKeially  leucine  and  tyrosine.  In  the  obs^ervations  of  Schmidt- 
Mulheini.  on  the  contrary,  the  acid  contents  of  the  small  inte&tine  in 
dogs,  during  the  dige»tion  of  meat,  were  very  poor  in  leucine  and  tyro- 
sine, but  abundant  i>i  |n*ptone.  He  concludes*  that  the  digestion  of 
albumen  is  almost  wholly  performed  by  the  popsine  ferment  in  an  acid 
menstruum,  that  is.  by  the  gastric  juice;  and  that  the  office  of  the 
pancreatic  juiet-  in  this  re-spect  is  secondary. 

BUe. 

Ar  compared  with  other  accessory  glands  of  the  alimentary  canal, 
the  liver  presents  several  striking  jK^culiarities.  Piret,  its  supply  of 
blood  is  from  two  different  sources ;  namely,  the  hepatic  artery  and  tho 
portal  vein.  The  ram  ili  eat  ions  of  the  hepatic  artery  are  distributed , 
to  th4'  walls  of  the  hepatic  duets  and  of  the  portal  vein,  to  the  capsule 
of  Olisaon  and  to  the  p<'rit»>nral  covering  of  the  organ;  while  those 
of  the  portal  vein  pass  into  the  glandular  parenchyma,  and,  after 
tni versing  its  substance  as  a  capillary  plexus,  become  eontiimous  with 
the  rootlets  of  the  hepatic  vein.  Beside  arterial  blood,  accordingly, 
which  the  liver  receives  in  umderate  quantity,  it  is  supplied  with  venous 
blood  in  great  abundance,  convcyeil  by  the  portal  system  from  the 
Ptojuaeh,  the  spleen,  the  jiunereas,  and  the  IntL'stine. 

Secondly,  the  Jiver  is  distinguished  by  its  size.  While  the  weight j 
of  all  the  salivary  glands  together,  in  man,  is  but  little  over  100 
grammes,  and  that  of  the  pancreas  about  15  grammes,  the  liver  forms 
a  compact  vascular  ami  glandular  organ,  weighing  nearly  or  quite  IfiOO, 
grammes,  and  occupying  a  coiihiderable  portion  of  the  abdominal 
cavity. 

Lastly,  the  liver  differs  so  much  iu  texture  from  other  secretory 
organs,  as  to  require  a  special  desqfiption.  The  secreting  apparatus 
consists,  as  usual,  of  glandular  cells  and  cafjillary  blood-vessels,  with 
duets  for  the  discharge  of  the  secreted  fluid  ;  but  these  elements,  instead 
of  Vjeing  arranged  as  elsewhere  in  distinct  groups  of  tubules  or  rounded 
follicles,  are  closely  uniterl,  forming  on  all  sides  a  continuous  masB  by 
mutual  contact  and  adhesion. 

The  substance  of  the  liver  is  divided  into  masses  or  i.slets,  about  1.5 
millimetre  in  diameter,  known  as  the  hepatic  homiest.  These  lobules, 
however,  are  not  anatomieally  sfimrute  from  each  other,  but  are  dis- 
tinguishable only  by  the  arrangement  of  the  afferent  and  efferent 
blood- vos.sels.  Each  lobule  is  enilrraced  liy  the  terminal  branches  of 
the  portal  veiuj  ramifying  between  the  adjacent  lobules,  and  known  as 
the  interlobular  veins.  From  the  intnrlnbular  vein  minute  vestiela 
paiSb  into  the  substance  of  the  lobule,  forming  by  their  division  and 
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Hepatic  Louui. e,  Iti  irau^tverae  sectlou,  »li<fwiii«;  the 
liUtritiutiuii  of  iU  blfiijd-vcKWjls. — a,  it.  InbTliilmlar  VL-iua. 
*.  lutrulobuUr  relu.  e,e,c  Pluxiwof  cuplUiiry  MotKl-vcasoUi. 
vlthiu  the  lobule.  ii,4.  Tirlgsof  Inivrlobul&r  reiu,pa»slag 
to  ndJaoi'Dt  lobulM. 


latioD  n  capillury  plexus,  the  vessels  of  which  have  a  general  cou- 
vor^'ont  dirfction  towitrd  the  centre  of  the  lobule.  At  this  point  they 
unit*.*  to  fonn  an  efferent 

r^fidel,    which,     from     its  P"*-  -**• 

EffaritioD,  l8  termed  the 
intrtifnbufnr  vein,  and 
which  rontinueB  its  course 
until  it  joiusaBmall  branch 
of  the  heimtic  vein.  Each 
lobule  i-s  therefore  a  more 
or  lefi«  ovoid,  rylindrical, 
or  prism  -  shaped  maM?<. 
resting  upon  a  branch  of 
the  hepatic  vein.  It  is 
attached  to  this  vessel  by 
its  own  intralobular  vein, 
which  parses  through  its 
axis  receiving  the  blood 
collected  from  it ;  while  it 
L»  cncirclc<l  by  terminal 
branches  of  the  portal  vein , 
which  supply  the  blood 
for  it-^  interior  circulatiou. 

Beside  its  capillary 
blood-vessels,  the  lobule  consists  mainly  of  glandular  cells.  These  are 
generally  of  a  five-  or  six-sided  prisnjatic  form,  often  with  one  or  two 
of  their  borders  excavated  by  curviliiirar  furrows  at  the  points  where 
they  are  in  contact  with  a  capillary  blood-vessel.  They  are,  on  the 
average,  22  nunm.  in  diameter,  finely  granular,  nsnally,  in  man,  con- 
taining one  or  more  fat  globules,  and  provided  with  a  round  or  oval 
nnch'olated  nucleus.  The  cells  ore  everywhere  in  ctnttnet  wilb  each 
other  by  their  plane  surfaces,  and  each  one  i.s  also  in  direct  relation  at 

reraJ  points  with  a  capiUury  blood-vessel.     Thus  the  two  elements 
intimately  united  throughout  the  substance  of  the  lobule. 

Thrre  i.s  an  equally  flose  conneclion  l>etween  the  glandulnr  cells  and 
the  biliary  duct;*.  The  main  hejmtic  duct,  which  with  its  rainilirntions 
•ocofnpanies  the  divisions  of  the  portal  vein,  breaks  up  into  branches 
which  finally  reach  the  interlobular  spaces.  In  mnn,  the  biliary  ducts 
of  a  larger  diameter  than  nbout  20t>  mmmi.  are  lined  with  cylindrical 
epithelium;  while  in  those  below  100  nimm.  in  disinieter,  the  form  of 
the  cells  changes  to  that  of  pavement  ejttthelinm.  The  biliary  ducts 
in  the  interlobular  spaces  are  of  the  smaller  variety,  l>tnng  not  more 
50  mnun.  in  diameter,  and  lined  with  pavement  epithelium.  They 
ik  up  into  commvuiicatiug  branches,  which  cover  the  lobule  with  a 
plexua  of  biliary  canaliculi. 

From  this  su|>erficial  ])!exus  the  finest  biliary  tubes  penetrate  the 
lobule  and  there  inosculate  with  each  other  between  the  glandular  cells. 


FuntR  BiUABT  Cawalb  aud  fiiLiAKY  DuiT^,  froiu  tb«  fro^s  IWer.— <i.  Small  biliarf  duct,  wllh 
lU  lining  of  i}|iill)t)tiuin  cvlh.  tr,  e.  Tcnulnal  branches  of  th«  mlDiitc  tilllury  r«ii«K  MirTOontlcd 
by  KUiulnlurt-flU.  </.  Traiievfrs<' cumniuukiitinK  braDcli  Ix'twei-u  two  lillUiry  i-aualK  f.r.  Sht*Xh 
of  gUiiduUr  #ccr'.>tiii|{  t^lU,  surrouuiling  the  biliary  canab  /.  iSx'tloii  of  rapilUry  blood-Te*- 
sel.    (Elx>rth.) 

Eberth  (Fijj.  27),  the  ultimate  Btructtire  of  the  liver  is  not  cssontiftllr 
„      „„  diffiTt'nt  from  that  of  other  lobiu 

lated^lnnds.  The  smaller  biliary 
duets,  lined  with  pavement  epi- 
thelium; p-ive  off"  minute  branches 
whieh  comnmnieate  with  e«eh 
(jther  and  are  in  contact  overv- 
where  with  the  large  g-landutar 
cells ;  each  terminal  brancli  beiu^ 
sarronndfd  by  a  ainple  sheath 
of  such  cells,  representinjf  the 
epithelial  lining  of  a  tube  or 
follicle. 

In  man  and  the  warm-blooded 
tjna(lru])eds,  the  texture  of  the 
iver  is  more  compact,  the  gland- 
ular  cells  and  eai>illary  blood-ves- 
sels more  closely  unit-ed.and  espe- 
cially lh<>  finest  biliary  passages 
within  the  lobule  are  more  abun- 
dant. From  the  plexus  of  cana. 
liculi  on  the  surface  of  the  lobule,  smaller  branches  penetrate  itw  inte- 
rior, and  there  inosculate  so  frequfnlly,  that  they  encircle  each  gland- 
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cell  with  their  network.  These  interior  comirmnieating  paesageB 
are  the  rapillary  bile-ducts.  Thoy  arc  much  srnalkT  than  tht>  capillary 
blootl-vcjisels,  Iwing  in  the  rabbit's  liver,  according  to  Kollikor,  not 
rJuore  than  2  mmm.  in  diameter.  They  embrace  the  glandular  cells  in 
a  way  that  they  arc  always  situated  at  the  greatest  possible  di&- 
lance,  that  \>,  half  the  diameter  of  a  cell,  from  the  nearest  capillary 
blood-vetisel ;  llie  blood-vessels  runninj^  along  the  edges  of  the  pris- 
matic cells  (KolHker),  while  the  ducts  pass  along  the  middle  of  their 
plane  surfaces.  Thus  the  two  seta  of  canals,  namely,  capillary  blood- 
frcaeelg  and  bile-dncts,  form  a  double  series  of  inosculating  passages 
cnibraciog  the  glandular  cells,  and  directed  at  right  angles  to  each  other. 

Physical  Properties  and  Composition  of  the  Bile. 

The  bile,  as  it  comes  from  the  gall-bladder,  is  a  clear,  more  or  less 
ropy  fluid,  of  neutral  or  alkaline  reaction,  with  a  faint  animal  odor.  Its 
l^mverage  specific  gravity,  according  to  various  observers,  is  about  1020. 
If  shaken  with  air,  it  foams  up  into  a  frothy  mixture,  which  remains 
for  A  long  time  on  its  surface.  This  property  depends  on  the  presence 
of  the  biliary  salts,  which  have  the  same  action  in  a  watery  solution. 
The  ropy  charac(<^r  of  the  secretion  varies  much  at  different  times,  even 
in  the  same  animals,  and  is  due  to  the  mucus  of  the  gall-bladder ;  as 
the  bile  which  flows  directly  ft-om  the  hepatic  ducts  is  always  a  watery 
flirid.  The  longer  it  is  retained  in  the  giill-blodder,  the  more  dense  and 
mticnu<t  is  its  consistency. 
I^Tbe  color  of  the  bile  varies,  in  different  species  of  animals,  from  a 
lisb-orange  to  a  nearly  pure  green,  presenting  all  the  intermediate 
lint«  of  golden-yellow,  reddish-brown,  olive-brown,  olive,  ycllowish- 
freen,  and  bronze-green.  Human  bile  from  a  liiliary  fistula  was  found 
by  Jaoobsen  to  be  clear,  yellowish,  bronze-green ;  that  taken  from  the 
filt>hladi)er  after  death  is  usually  a  dark  golden-brown.  Dog^s  bile  is 
brownisb-olive  or  bronze ;  pig's  bile  reddish-orange  or  reddish-brown  ; 
•wl  fhccp-  and  ox-bile  greenish-olive,  or  more  frequently  nearly  green, 
JUa  rule,  the  bile  of  herbivorous  animals  is  more  decidedly  preen,  that 
of  the  carnivora  and  omnivora  orange  or  brown.  These  differences 
may  be  reHrred  to  two  principal  tints,  corresjKjnding  with  the  two 
ooloring  matters  of  bile ;  in  one  of  which  th<'  predominating  color  is 
red  or  reddish-brown,  dependent  on  Mirubine,  in  the  other  green, 
ovinia  to  the  presence  of  bilirerdine.  As  their  proportion  varies,  the 
tfedmtn  will  exhibit  a  corresponding  color  of  the  pure  or  mingled  tints. 
Tbv  color  of  the  bile  is  also  modified  by  oxidizing  agents,  which 
produce  a  green  hue  in  olive  or  brown  bile,  and  increase  the  intensity 
of  the  green  when  this  color  is  already  present.  If  brown-  or  olive- 
cotorwi  bile  l>e  Pxpos<'d  for  a  short  time,  its  surface  becomes  green  by 
eostact  with  the  atmosphere.  The  change  may  be  instantly  produced 
bf  adding  a  few  drops  of  a  watery  solution  of  iodine ;  and  a  little  nitric 
■dd  acts  with  great  energy,  developing  at  once  a  brijrht  grass-green 
hoe.    Tbe  color  of  green  bile,  on  the  other  hand,  disappears  by  exclu- 
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sion  of  tho  atmosphere.  If  ox-bile  of  a  pure  green  or  oHv©-green  hue 
be  inclopfd  in  a  full  am!  Recurcly  stoppered  vessel,  so  as  to  he  prottH'KMi 
from  the  air,  it  pwlualiy  loses  its  green  color,  becoming-  a  dull  yellow. 
The  alteration  processes  from  the  external  parts  of  tho  liquid  toward 
its  centre,  until  at  tho  end  of  twelve,  twenty-four,  or  thirty-six  hours, 
the  whole  has  become  light  yellow  or  yellowish-brown.  The  green 
hue  may  then  be  restored  by  the  addition  of  iodine,  or  by  exposing 
the  bile  in  thin  layers  to  the  air.  This  change  depends  on  the  conver- 
Biou  of  bilirubine  Ijy  oxidation  into  hiMverdine. 

The  bile  exhibits  a  peculiar  reaction  with  nitroao-nitric  acid,  doe  to 
the  effect  on  it*  coloring  matter.  If  bile  be  brought  in  contact,  in  a 
cylindrical  glass  vessel,  with  a  layer  of  this  acid,  and  allowed  to  remain 
without  agitation,  a  series  of  colored  rings  are  produced  at  the  surface 
of  contact,  following  each  other  in  definite  order,  from  the  bile  to  the 
nitric  acid,  as  green,  blue,  violet,  red,  and  yellow.  The  colors  repre- 
sent successive  stages  of  the  oxidation  and  final  destruction  of  the  color- 
ing matter.  This  test,  known  as  "  Umeiin's  bile  test,"  may  bo  applied 
to  other  animal  fluids  in  which  bilirubine  is  supposed  to  be  present. 

The  bile  presents,  also,  certain  optical  properties  which  distinguish 
it  from  other  animal  fluids. 

First,  it  is  dichroic ;  that  is,  it  has  two  different  colors  by  trans- 
mitted light,  according  to  its  mass.  If  a  speeiraen  of  ox-bile,  which 
appears  of  a  pure  transparent  rrreen  color  by  ordinary  daylight  in  layers 
of  two  or  three  centimetres,  be  viewed  by  strong  sunlight  in  a  thick- 
ness of  five  or  six  centimetres,  it  is  red.  In  this  respect  it  resembles 
a  solution  of  chlorophylle,  which  presents  the  same  contrast  of  colors 
in  a  very  marked  manner. 

Secondly,  it  \\i  fluorescent  ;*  that  is,  it  Iwoomes  faintly  lominoos 
with  a  color  of  its  own,  when  viewed  by  the. more  refrangible  rays  of 
the  solar  spectrum.  If  a  specimen  of  clear  greenish  bile  be  placed  in 
the  truck  of  cither  the  violet  or  the  blue  ray  of  the  solar  s^Hjctrum,  it 
becomes  visible  with  a  light  ycllowtsli-green  tint.  In  tho  green  it  is 
more  yellowish ;  and  in  the  yellow  it  has  a  tinge  of  red.  Thus  in  all 
parts  of  the  spectrum  where  it  exhibits  this  property,  it  emits  a  light 
of  less  refrangibility  than  that  of  the  ray  by  -which  it  is  illuirjinated. 
Fluorescence  is  also  moTiifested.  to  a  remarkable  degree,  by  solutions 
of  chlorophjile,  which,  although  of  a  clear  green  color  by  diffused  day- 
light, are  pure  red,  when  viewed  by  either  the  violet,  blue,  green,  or 
yellow  ray  of  the  spectrum. 

The  fluorescence  of  bile  does  not  depend  on  its  coloring  matter,  but 
is  due  mainly  to  the  biliary  salts,  since  it  is  also  exhibited  by  their 

*  ThiB  property,  bo  called  from  fiuor  spnr,  in  which  it  was  first  observed,  is  shown 
by  vwiouH  tmnHparent  subsliinces,  wIk'ii  illuminated  by  solar  light,  or  by  that  of  cer- 
tain partd  of  the  spectniin.  TImih  a  Holution  of  quinine  suiphatt;,  which  \»  colorle» 
in  ordinary  daylipbt,  becomes  libit-  where  the  enn's  raya  are  concentrated  upon  it  by 
a  1cn!«;  and  it  exiiibitd  a  distinct  luminosity  in  both  the  violet  and  ultra-violet  parts 
of  the  bpecLrum. 
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watery  or  alcoholic  eolations ;  the  only  difference  bcin^  that  the  color 
of  the  solutions  by  the  violet  and  blue  rays  ia  nearly  pure  yellow 
instead  of  yellowish-preen. 

The  bile  of  the  inferior  animals  can  be  taken  in  a  state  of  freshneBS 
and  purity,  and  in  sufficient  quantity  for  examination,  from  the  gall> 
l»la<lder  imnu'diately  after  death.  It  has  also  been  collected  by  means 
of  ttn  ortJfK'ial  listula  of  the  gall-bladder  or  of  the  common  biliary  duct. 
Human  bile,  taken  from  the  gall-bladder  Bome  hours  after  death,  is 
liable  to  bo  more  or  less  altered  from  its  normal  condition.  It  has 
been  obtainwi  in  cases  of  accidental  biliary  listula  in  man  by  Ilanke* 
and  Jacobseu.f  Accordinjif  to  Jacobsen  its  ssolid  injfrcdients  amount 
to  about  22.5  parts  per  thousand ;  a  little  over  one-third  consisting  of 
mineral  salts,  the  remaining  two-thirds  of  organic  matter.  Both  the 
coloring  matters  were  always  present.  The  proportions  of  all  the 
ingredients  were  as  follows ; — 

CuMi'ueitiON  OF  Human  Bele,  aocordino  to  thb  Analyaiw  op  Jacobsen. 

Water »77.40 

Sixlinni  glycocholnto 9.94 

Obulost^Tine        .......         0.54 

Free  fats OJO 


MC 

matters. 


Mineral 
aaltA. 


ijtMliiim  [»ft]initate  and  8t.«ariUe 
Lecitliiue    .... 
Other  org.iiiic  niattord 
Sodium  chloride 
Potftpsiam  (ililoHde 
Smliuin  phospliate 
Lime  phosphate 
Sodium  carbonate 


1.30 
0.04 
2.26 
r).45 
0.28 
1.33 
0.37 

o.na 

1000.00 


In  ox-bile,  as  shown  by  Berzelius,  Frerichs,  and  Lehmann,  the  pro- 
portion of  both  mineral  and  organic  ingredients  may  bt^  much  greater 
than  the  Hbove,  the  biliary  salts  alone  amounting  to  90  parts  per 
thousuniL  Kanke  found  the  average  proportion  of  solid  ingredients 
31.6;  and  aLCording  to  Robin  |  and  Iloppc-Scyler,  §  the  biliary  salts  in 
human  bile  from  the  gall-bladder  may  amount  to  from  30  to  100  per 
thousand  parts.  In  Jacobsen's  case  the  specific  gravity  of  the  bile  was 
but  little  over  1010 ;  and  we  have  found  it,  in  human  bile  from  the  gnll- 
bladdor,  lOl-S.  The  general  result  of  obricrvatiuns  on  this  point  is  that 
the  bile  bticomes  more  concentrated  in  the  gall-bladder,  but  acquires  no 
further  ingredient  except  luucus. 

The  most  important  constituents  of  the  bile,  so  far  as  known,  are 
the  biliary  salts,  sodium  glycocholate  an<l  sodium  taurocholate,  already 
described  in  Chapter  VI.      These  salts  are  associated  in  the  bile  in 


*  Physiologie  des  Henflchen.    Leipzig,  1872,  p.  284. 
f  R<;vue  des  Sciences  M^cales.    Paris,  1874,  p.  385. 
t  Left  Humeurs.     Paris,  1874,  p.  650. 
{  Phyaiologucbe  Chemic.    Berlin,  1878,  pp.  299,  30L 
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varying  proportions.  Generally  the  g-lycocholate  may  he  said  to  pre- 
ponderate in  the  rauiinunt  animals,  taurocholate  in  the  carnivora.  In 
dog^'g  and  cat's  hiU*,  tho  taurocholate  exists  alone.  In  human  !)!!<•  both 
substances  may  be  present ;  sometimes  one  being  the  more  ubundant, 
sometimes  the  other.  According  to  some  writers  (Robin,  Hardy, 
Gomp-Besanez,  Iloppe-Seyler)  the  taurocholate  exists  alono  or  in 
greater  quantity;  according  to  others  (Bischoff,  Lossen,  Ranke)  the 
glycocholate  is  in  larger  proportion.  In  Jacobsen's  case,  sodium  glyco- 
cholat«  was  invariably  present,  the  taurocholate  being  less  con.slaDt. 
We  have  also  found  buman  bile  to  contain  the  glycocholate  without 
taurocholate.  Ah  the  first  of  these  substances  is  produced  from  the 
second,  by  dehydration  and  separation  of  its  sulphur,  it  is  explainable 
why  the  proportions  of  the  two  should  vary  from  time  to  time. 

Mode  of  Secrefinr}  and  Dischnrfje  of  the  Bile.  —  As  in  man  and 
moat  animals  the  gall-bladder  forms  a  lateral  receptacle  iu  which  the 
bile  is  wholly  or  partially  stored  up  during  a  certain  time,  there  are 
two  points  which  require  separate  investigation ;  first,  the  manner  and 
rate  of  its  secretion  by  the  liver ;  and  secondly,  the  time  and  quantity 
of  its  discharge  into  the  intestine. 

In  regard  to  its  mode  of  secretion,  the  experiments  of  Bidder  and 

Schmidt  were  performed  in  the  fol- 
lowing manner :  They  operated  by 
tying  the  common  bile-duct,  and 
then  opening  the  fundus  of  the  gall- 
bladder, thus  producing  a  biliary 
fistula,  by  which  the  whole  of  the 
bile  was  drawn  off.  By  collecting 
and  weighing  the  fluid  discharged 
at  different  periods,  they  came  to 
the  conclusion  that  the  secretion 
of  bile  never  entirely  ceases;  but 
that  it  begins  to  increase  within 
two  and  a  half  hours  after  taking 
food,  to  reach  its  maximum  about 
the  twelfth  or  fifteenth  hour.  Other 
observers  have  obtained  different 
result*.  Arnold  found  the;  quantity 
largest  soon  after  meals,  decreasing 
again  after  the  fourth  hour.  Kol- 
liker  and  Miiller  found  it  largest 

Dl'odehjll  Fistula  imthkDoo.— o.  Stomach,    i     .  .l  ^    •    ^i  i    ■    •  .1    i 

b.  Duodenum.  c.c,c.  p.ncr«u;  Jtatwodacu  Ix'twecn  the  sixth  and  eighth  hours. 
openkBit  into  the  duodcnuni,  ono  near  the  The  bile  is  therefore  a  contiouous 

orifice  of  the  bllUrr  dnct,  d.  ttic  ottier  a  abort  j,:   „    u    ».   „   _•    ui      :  .•* 

dut*nco  lo-er  down.  <  si.rer  tube  p««ug  secrction,  but  Variable  in  quantity 
through  the  »bdoniinaj  waiii  uito  the  duo-  at  different  timos ;  being,  according 

'^°^™  to  the  niagority  of  observers,  most 

abuDdaat  some  hours  after  the  commencement  of  digestion^ 

As  to  its  discbarge  into  the  alimentary  canal,  it  is  certain,  in  the  first 
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that  bile  is  pr<>eent  in  the  intestine  at  all  times,  both  during 
digestion  and  in  the  intervals.  This  is  shown  by  e.Yan)inatiou  of  the 
intestine  in  dog:»  killed  at  various  periods  after  feeding.  We  have 
Always  found,  under  those  circumstances,  evidence  of  the  biliary  salta 
in  the  ether  precipitate  of  the  alcoholic  extract  of  the  intestinal  contents, 
in  animals  killed  from  one  to  twelve  days  after  the  last  meal.  The 
biliary  subntMnceH  were  recognized  both  by  their  solubility  in  water  and 
In  alcohol,  their  in.solnbility  in  ether,  their  crystalline  form,  and  by  their 
lion  with  Pettenkofer's  test.  The  secretion  therefore  continues  to 
its  way  into  the  alimentary  canal  long  after  the  animal  has  been 
deprived  of  food. 

But  the  quantity  of  bile  passing  into  the  intestine  in  a  given  time  is 
mnch  inflnenocd  by  the  digestive  process,  and  its  quantity  is  greatest 
Boon  after  the  commencement  of  diirt'stiou.  We  have  examined  this 
point  by  means  of  a  duodenal  fistula,  made  on  the  same  plan  as  that  for 
gastric  fistula  (Fig.  29). 

To  ascertain  the  quantity  of  bile  disehar^red  into  the  intestine,  and 
its  variations  during  digestion,  the  duodenal  fluid.s  were  <Vrawn  off.  for 
fifteen  minutes  at  a  time,  at  various  periods  after  feeding,  and  examined 
afi  follows :  each  separate  quantity  was  evaporated  to  dryness,  its  dry 
residue  extracted  with  alcohol,  the  alcoholic  solution  precipitated  with 
ether,  and  the  ether-precipitate,  representing  the  biliary  salts  present, 
^^  dried,  weighed,  and  treated  with  Pettenkofer's  test.  The  result  is  given 
^^ft  in  the  following  table.  At  the  eighteenth  hour  the  quantity  of  fluid  was 
^^■|||0mall  that  the  amount  of  its  biliary  ingredients  was  not  ascertained.  It 
^^^Bi^^T  however,  with  Pettenkofer's  test,  showing  that  bile  was  present. 
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The  bile  therefore  passes  into  the  tluodonum  in  much  the  largest 
quantity  immediately  after  feeding.  During  the  intervals  of  digestion 
it  accumulates  in  the  gall-bladder ;    and  in  animals  which  have  been 


182  FUNCTIONS    OF    NUTRITION. 

for  some  time  without  food  the  gall-bladder  is  usually  distended  with 
bile,  while  in  those  killed  immediately  or  soon  after  feeding  it  is  com- 
paratively empty.  At  the  commencement  of  digestion  it  is  excited  to 
contraction,  causing  a  sudden  flow  of  bile  into  the  duodenum.  After 
that  time  the  discharge  remains  nearly  constant ;  not  varying  much,  in 
a  dog  of  sixteen  and  a  half  kilogrammes  weight,  from  250  milligrammes 
of  the  biliary  salts  every  fifteen  minutes,  or  a  little  over  one  gramme 
per  hour. 

Daily  Quantity  of  the  Bile. — The  first  experiments  of  value  on  this 
point  were  those  of  Bidder  and  Schmidt,*  in  1852.  They  were  per- 
formed on  dogs,  cats,  sheep,  and  rabbits,  in  the  following  manner :  A 
ligature  w^as  first  placed  on  the  common  biliary  duct,  an  opening  then 
made  in  the  fundus  of  the  gall-bladder,  and  the  bile,  discharged  through 
this  opening,  received  in  prcvioui-ly  weighed  vessels,  and  its  quantity 
determined.  The  animal  was  then  killed,  weighed,  and  carefully  exam- 
ined, to  make  sure  that  the  biliary  duct  had  been  securely  tied,  and  that 
no  inflammatory  alteration  had  taken  place.  The  observations,  which 
were  made  at  different  periods  after  feeding,  occupied  in  each  animal 
about  two  hours.  Tht;  average  quantity  for  twenty-four  hours  was 
then  calculated  from  a  comparison  of  the  above  results ;  the  amount  of 
solid  ingredients  being  ascertained  in  each  instance  by  evaporating  a 
portion  of  the  bile  and  weighing  the  dry  residue. 

It  was  found  that  the  daily  quantity  varied  considerably  in  different 
animals,  being  much  greater  in  the  herbivora  than  in  the  carnivora. 
The  results  obtained  were  as  follows : 

Daily  Quantity  pbk  Kii-ooramme  op  Bodily  Weioiit. 
Fresh  bllo.  Dry  residue. 

In  the  cut         .        .        .      14.537  grammes.        0.810  grammes. 
"      dog        .        .        .       19.<>5()        "  0.986 

"      sheep     .        .        .      25.;}72        "  1.340        " 

"      rabbit    .        .         .     1-36.550        "  2.404        " 

According  to  the  later  researches  of  Schiff,f  these  estimates  are  not 
beyond  the  truth,  since  he  obtained  considerably  larger  quantities  in 
the  dog,  by  a  fistula  of  the  gall-bladder,  without  tying  the  common 
biliary  duct.  While  the  average  quantity  obtained  in  this  animal  by 
Bidder  and  Schmidt  was  0.832  gramme  of  fresh  bile  per  hour  for 
every  kilogramme  of  bodily  weight,  in  the  exi)eriments  of  Schiff  it 
was  1.3  to  3.2  grammes  per  kilogramme  per  hour. 

Since  in  man  the  i)rocesses  of  digestion  and  nutrition  resemble  those 
of  the  carnivora,  rather  than  those  of  the  herbivora,  it  is  the  former 
which  should  bo  selected  as  a  term  of  comparison  for  estimating  the 
daily  quantity  of  bile.  If  we  apply  accordingly  to  the  human  subject 
the  results  obtained  by  Bidder  and  Schmidt  from  the  cat  and  dog,  the 
quantity  of  bile,  for  a  man  weighing  65  kilogrammes,  would  be  a  little 

*  Verdauungssaefte  uiul  Stoflwechsel.     Leipzig,  1852. 

t  Arcliiv  fiir  die  gcsamnite  PhvHiologie.     Bonn,  1870,  Band  iii.,  p.  598. 
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over  1100  grammes  per  day.  Rankf,*  in  hia  case  of  Irnman  biliary 
fistula,  obtained  a  rpBult  not  oseentially  differeat.  The  patient  weighed 
only  47  kiloprammes;  thr  avcragt^  quantity  of  biledisoharjjed  in  tWRnty- 
four  hoars  being  fi52  granimet?,  the  maximum  945  grrammes.  In  a  man 
of  65  IcilogTammeg'  weig^ht  this  would  correspond,  for  the  average,  to 
902  gramroos,  and  for  the  nuixinium  to  1307  grammes.  The  entire 
quantity  of  bile,  therefore,  for  a  man  of  medium  t^Lze,  is  evidently  not 
far  from  1000  grammes  per  day.  This  contaiuB  about  30  grammef*  of 
stolid  ingredients. 

Fhysioiogicnl  Action  of  the  Bile. — Notwithstanding  the  well-marked 
character  of  the  bile,  and  its  frequent  investigation  by  competent  ob- 
servers, itii  physiological  action  remains  extremely  obscure.  We  con 
Ktale  only  a  few  points,  which  embrace  nearly  the  whole  of  our  po»- 
itivc  knowledge  iji  regard  to  it. 

In  the  first  place,  the  bile  is  present  in  all  vertebrate:  animals  without 
exception,  and  is  di-jchnrged  from  the  biliary  duct  into  the  intestine 
near  itg  upjwr  extremity.  This  shows  that  the  secretion  is.  in  «onie 
way,  of  fuudameutal  importance,  and  also  that  it  has  a  probable  con- 
nection with  the  digestive  functions. 

Uut  if  the  bile  be  tested  for  its  digestive  influence  on  the  alimentary 
substances,  it  does  not  exhibit  any  distinct  properties  in  this  respect. 
A  diastatic  action  on  starch,  which  was  attribut4.Hl  to  it  by  Wittich, 
has  been  found  wanting  by  others,  and  actording  to  Ewald  is  of 
inconi^tant  occurrence,  aud  never  well  marked  in  character.  Its  action 
on  fatty  substances  is  but  little  more  characteristic.  It  certainly  has 
the  property  of  dissolving  fats  to  some  extent,  both  in  the  free  form 
id  when  saponified  ;  and  sueb  solvent  i>o\ver  belongs  also  to  a  watery 
}Iution  of  the  biliary  salts.  But  by  far  the  greater  part  of  the  fatty 
Bubstances  in  digestion  are  absorbed  in  the  emulsioned  form,  without 
8olution  or  saponification ;  and,  according  to  TIop}te-Seyler,t  the  quan- 
tity of  oily  matter  which  the  bile  can  dissolve  is  far  Ijelow  that  absorlxid 
from  the  intestine.  A  direct  emulsifying  agency  caunot  be  attributed 
to  the  bile,  since,  when  shaken  up  with  oil,  its  emulsive  effect  is  bo  in- 
com]>leto  and  temporary  as  to  be  practically  without  importance.  It 
has  Vjeen  thought  to  have  an  indirect  action  in  this  res|x>ct,  when  the 
fats  are  partially  acidified  and  saponified  by  the  pancreatic  juice,  by 
dissolving  the  saponified  portion,  and  thus  facilitating  the  emulsion  of 
the  remainder.  But  emulsion  takes  place  so  instantly  and  completely 
by  the  contact  of  oil  with  pancreatic  juice,  when  no  bite  is  present,  that 
its  normal  share  in  the  process  can  hardly  be  a  large  one.  As  regards 
the  albuminous  matters,  there  is  no  evidence  that  the  bile  exerts  upon 
them  any  specific  action. 

Another  influence  regarded  as  belonging  to  the  bile  is  that  of  excit- 
ing the  muscular  action  of  the  intestine,  aud  thus  serving  as  a  stimulus 


•  PlivBiolopie  dea  Mcnschen.     I^ipcig,  1872,  p.  284. 
t  PliyidulugLacbe  Cbeuiiu.    Buriia»  1878,  p.  315. 
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to  its  peristaltic  movement.  It  is  no  doubt  true  that  torpidity  of  the  in- 
testine is  a  usual  accompaniment  of  clay-colored  evacuations  from  the 
absence  of  bile ;  and  on  the  other  hand  that  bile,  if  applied  to  the  mus- 
cular coat  of  the  intestine,  will  excite  its  contraction.  But  this  cannot 
be  regarded  as  fully  accounting  for  so  abundant  and  peculiar  a  secretion. 

Furthermore,  the  bile  has  beeu  thought  to  assist  by  its  physical  prop- 
erties the  absorption  of  oily  matter  by  the  intestine.  It  has  been  shown 
by  direct  experiment  to  aid  the  passage  of  oily  matter  through  organic 
membranes  or  parchment  paper ;  that  is,  oily  matter  will  pass  through 
these  membranes  more  readily  when  they  are  moistened  with  bile  than 
w^hen  simply  wetted  with  water ;  and  it  is  from  these  experiments  that 
the  supposed  action  of  bile  has  been  inferred.  But  the  villi  of  the  in- 
testine are  not  simply  membranes  moistened  with  water.  They  arc 
penetrated  by  alkaline  and  albuminous  fluids,  their  blood-vessels  con- 
tain an  abundance  of  liquid  organic  material,  and  the  fatty  emulsion 
formed  by  the  pancreatic  juice  is  already  adapted  for  absorption. 

Lastly,  the  bile  has  been  credited  with  an  action  antagonistic  to  the 
gastric  juice,  by  which  the  gastric  digestion  is  arrested,  to  be  followed 
by  one  of  a  different  character  in  the  small  intestine.  This  is  based 
on  the  fact  that  the  two  secretions  will  precipitate  with  each  other 
when  mingled  in  a  test-tube.  If  one  or  two  drops  of  dog's  bile  bo 
added  to  as  many  cubic  centimetres  of  fresh  gastric  juice  from  the 
same  animal,  a  copious  yellowish-white  precipitate  falls  down,  contain- 
ing the  whole  of  the  coloring  matter  of  the  bile ;  and  when  filtered,  the 
filtered  fluid  passes  through  colorless.  A  similar  precipitation  takes 
place  if,  instead  of  fresh  bile,  a  watery  solution  of  the  biliary  salts  be 
added  to  gastric  juice.  The  filtered  fluid  retains  its  acid  reaction, 
though  it  has  lost  its  digestive  power. 

But  although  the  biliary  matters  precipitate  by  contact  with  fresh 
gastric  juice,  they  do  not  do  so  with  gastric  juice  holding  peptone  in 
solution.  We  have  invariably  found  that  if  gastric  juice  be  digested 
for  several  hours  at  a  moderate  warmth  with  boiled  white  of  egg,  the 
filtered  fluid,  which  contains  an  abundance  of  peptone,  will  no  longer 
precipitate  with  cither  bile  or  a  watery  solution  of  the  biliary  salts, 
even  in  large  amount.  The  gastric  juice  and  bile,  therefore,  do  not 
appear  finally  incompatible  with  each  other  in  digestion,  notwithstand- 
ing their  reaction  when  artificially  mingled. 

The  conclusion  from  these  facts  is  on  the  whole  a  negative  one ;  and 
it  is  the  present  belief  of  most  physiologists  that  we  cannot  with  con- 
fidence assign  to  the  bile  any  direct  influence  in  digestion.  This  accords 
essentially  with  the  result  of  our  own  observations. 

Nevertheless,  there  is  evidence  that  the  bile  is  not  simply  an  ex- 
crementitious  product,  but  that  it  takes  part,  in  the  alimentary  canal, 
in  some  process  essential  to  life.  This  is  shown  by  the  fact  that  if  it 
be  permanently  diverted  from  the  intestine  by  closure  of  the  common 
bile-duct,  and  evacuated  by  a  fistula  of  the  gall-bladder,  the  animals 
gradually  emaciate,  and  die  with  symptoms  of  disordered  nutrition. 
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This  experiment  has  been  |>erforrafti  at  least  ten  times  by  Schwann, 
Bidder  and  Sc-hmidt,*  Bernard, f  and  Flint,|  the  Inliary  fistula  remain- 
ing •»ptni,  and  the  common  bile-duct,  as*  shown  by  subHequent  examina- 
tion, permanently  closed,  so  that  no  bile  found  its  way  into  the  intes- 
tine. The  general  results  in  these  e^ses  were  alike.  The  animals 
di«*d  In  most  instances  between  the  thirtieth  and  fortieth  day  after  the 
opemtion.  The  shortest  duration  of  life  was  Hcven  days,  the  longest 
eighty  days ;  the  average  thirty-etx  days.  The  symptoms  were  con- 
»Uuit  and  progrpss^ive  emaciation,  to  such  a  degree  that  nearly  all 
traces  of  fat  disappeared  from  the  body.  The  loss  of  weight  amounted, 
in  one  ca«»,  to  more  than  two-fifths,  and  in  nnotlier  to  nearly  one-linlf 
that  of  the  whole  body.  There  was  sonu'tinies  falling  oil'  of  the  huir, 
and  a  putrescent  odor  in  the  feces  and  in  the  breath.  Notwithstanding 
thici,  the  appetite  remained  good.  Digtstion  wns  searcidy  interftirpd 
with,  and  none  of  the  food  was  disehiirged  with  the  ft'ces ;  but  there 
was,  in  the  two  caees  of  Bidder  and  Schmidt,  more  or  less  abnormal 
discharge  of  flatus.  There  wus^  no  pain  ;  and  donth  took  place  without 
violent  symptoms,  by  gradual  failure  of  tb*^  viral  powers. 

It  is  also  certain  that  the  hil<i  disappears  during  its  passage  through 
the  intestine.  We  have  found  that  if  dogs  hf^  killed  at  various  periods 
alter  feeding,  and  the  upper,  middle,  and  lower  portions  of  the  intestinal 
canal  separately  exaniinetl,  the  rjuantity  of  bile  present  liiminishes  from 
above  downward.  The  mass  of  intestinal  contents  ftL-^o  grows  smaller 
and  more  consistent  toward  the  ileo-eieeal  valve  ;  their  color  at  the  same 
time  cbantring  from  light  yellow  to  dark  bronze  or  blackish-green, 
always  strongly  pronounced  in  the  last  tiuarter  of  the  small  intestine, 
ether  precipitate  of  their  alcoholic  extract,  representing  the  fiiliary 

Ite,  is  only  one-fifth  or  one-sixth  as  abundant,  in  proportion  to  the 
entire  isolid  contents,  in  the  large  intestine  as  in  the  small ;  and  if  dis- 
solved in  water,  that  from  both  upjior  and  lower  portions  of  the  small 
intestine  always  gives  Pettenkofcr's  reaction  in  less  than  a  minute  and 
a  half,  while  in  that  from  the  large  intestine  no  red  or  purple  color  is 
QHuully  produced,  even  at  the  end  of  three  hour.s.  Bidder  and  Schmidt§ 
analyzed  all  the  feces  passed  during  Eve  days  by  a  healthy  dog  weighing 
8  kilogrammes.  From  the  result  of  former  exi>eriments  (page  182)  it 
ie  known  that  a  dog  of  this  size  must  have  secreted  during  that  time 
not  far  from  40  grammes  of  solid  biliary  matter ;  while  the  entire 
quantity  of  these  matters  in  the  feces  was  less  than  4  grammes.  The 
acids  of  the  biliary  salts  have  been  found  by  lloppe-Seyler  in  the  feces, 
both  of  the  dog  and  the  calf;  but  according  to  his  own  estiniate||  their 
quantity,  as  discharged  with  the  excreinctit,  h  always  insigniftcant  in 
|iroportion  to  that  .secreted  in  a  corresponding  time. 

*  Verdniiungasaefle  tind  Stoflwechsel.     Leipzig,  1852,  p.  103. 
t  Liquidc?  de  I'Organifiine.     Paria,  18.'»9,  tome  ii.,  i>.  199. 
t  PhvHiology  of  Man.     New  York,  1S67,  p.  369. 
2  Venlaiiinipi'sat'fte  and  Stoflwerliw?!.     Li'ipzijuc,  18.52,  p.  217. 
II  Plijsiologiache  C'hemie.     Berlta,  187S,  p.  337. 
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The  biliary  matters,  ihnrcforp,  are  either  so  decomposod  in  the 
inti.'sitiae  as  to  lose  their  dit^tiuclive  reac'tions,  or  they  are  reab- 
sorbed in  sonif  form  by  the  mueous  niemhnine,  and  again  intro- 
duced into  the  circulatiou.  It  seouis  highly  probable  that  they  are 
reabsorbed.  In  the  experimont.s  of  Bidder  and  Schmidt,  above  quoted, 
this  point  was  exiiuiined  by  elementary  analysis  of  the  fecal  iu^redi- 
ents.  In  do^'s  bile  the  only  or  preponderating  biliary  salt  is  the 
taurocholute,  which  contain!*  milphiir.  If  the  taurocholate  had  Ijcen 
Mmply  deeomposed  or  transformed  in  the  intestine,  so  as  to  l^e  undij»- 
tinffuishable  by  TVttenkofer's  test,  its  sulphur  ingredient  would  still  Iw 
found  in  the  feces.  Hut  in  the  animal  subjected  to  experiment,  the 
sulphur  ingredient  of  the  bile  secreted  during  6ve  days  would  amount 
to  2.3fi4  grammes ;  while  only  0.385  gramme  of  sulphur  was  coDialned 
in  the  feces  for  the  Hame  time,  and  of  this  only  0.155  gramme  could 
have  been  derived  from  biliary  substances.  That  is,  not  more  than 
one-fifteenth  part  of  the  sulphur  originally  present  in  the  bile  could 
Ikj  detected  in  the  feces. 

A  further  evidence  of  the  reabsorption  of  biliary  matters  from  the 
intestine  is  furnished  by  the  exiM-rinients  of  Sehiff,*  %vhich  were  con- 
ducted on  a  ditlVrent  plan.  This  ob.server  fouml  that,  under  ordinary 
conditions,  less  pressure  is  required  to  make  a  fluid  pass  from  the 
hepatic  duct  into  the  gall-bladder  than  to  force  it  into  the  intestine. 
Unless,  thirefore,  the  pressuri!  in  the  gall-bladder  be  increased,  either 
by  distention  or  by  muscular  contraction,  it  passes  into  the  gall-bladder 
more  readily  than  into  the  intestine;  and  a  cystic  fistula,  if  kept  freely 
ojjen,  will  be  swflBcient  to  discharge  externally  nearly  all  the  secreled 
bile.  SohifT  demonstrated  this  by  estaVilishing  in  the  same  animal  a 
fistula  of  the  jp;al]-bladder  and  one  of  the  duodenum.  So  long  as  the 
cystic  fistula  remained  open  no  biliary  matters,  or  only  insignificant 
traces  of  them,  could  be  found  in  the  duodenum. 

On  the  other  hand,  when  the  cystic  fistula  was  closed,  the  bile  ]>a8sed 
throujxh  the  CDnimon  duct  into  the  intestine,  thus  maintaining  the 
animal  in  n  healthy  condition.  At  any  time,  by  opening  the  fistula  and 
emptying  the  gall-bladder,  the  rate  of  secretion  might  be  ascertained, 

Schiff' 8  observntions  show  that  by  leaving  open  the  fistula,  and  thus 
diverting  the  bile  from  the  intestine,  its  rate  of  secretion  is  at  once 
diminished  ;  so  ihtit  at  the  end  of  Iwenty-four  hours,  if  the  influence  of 
digestion  be  eliminated,  it  is  reduced  to  a  minimum,  which  afterward 
continues  with  only  insignificant  fluctuatious.  liut  if  the  fistula  be 
closed  for  some  hours,  the  quantity  of  bile  again  rises  to  its  normal 
standard. 

The  same  observer  obtained  similar  results  by  making,  in  the  dog,  a 
duodenal  fistula,  through  which  a  cannla  was  introduced  into  the  com- 
mon Itile-duct.  The  camila  had  a  lateral  opening  near  its  end,  which 
might  be  left  open  or  closed  by  shifting  the  position  of  an  inner  tube 
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tting  closely  in  its  cavity.  Thus  the  bile  tnig-ht  he  either  discharged 
externally  from  the  orifice  of  the  canula,  or  allowed  to  pass  into  the 
duodenum  hy  its  lateral  o|)€!ning.  It  was  found  that,  after  being  dia- 
charged  externally  for  two  or  three  hours,  its  rate  of  secretion  was 
much  less  than  if  it  had  l>een  allowed  to  pass  into  the  intestine.  The 
^L       results,  in  a  dog  weighing  1 2  kilogrammes,  were  as  follows : 

^1         CUBIU 

I  Thu 

ral  cot 


CUBIU   CkHTDIBTRSS  of   Blt.fi   ODTAIN'Kt)   IN    TkN    MtXUTEfi  AFTER   RAVINO   RREN, 

FOB   Two  t(H  TitltKE  lltilMte, 

Bvaeutod  extumnlly.  Disubargfid  Into  tlie  duodenum. 

2.2  6.0 

8.3  5.4 

2.1  e.8 

8.0  «i.2 

1.8  0.5 

1.9  6.7 
Average      .     2.0fi  5.1)0 


Thus  the  quantity  of  bile  secreted,  when  allowed  to  follow  its  natu- 
ral course,  is  nearly  three  times  as  great  as  when  it  is  evacuated  exter- 
nally. It  cannot  be  assumed  from  this  that  the  biliary  ingredients  are 
returned  directly  to  the  liver,  and  again  di-^fhargc'd  with  the  bile;  but 
it  is  difficult  to  avoid  the  conclusion  that  its  ingredients  are  absorbed 
from  the  intestine,  and  supply  in  some  way  the  materials  for  continued 
secretion. 

Finally,  Tap[>einer*  has  detecterl  the  biliary  salts,  by  Pettenkofer's 
test,  in  chylo  from  the  thoracic  duct.  With  150  cubic  centimetres  of 
chyle,  taken  from  the  duct  two  hours  after  feeding,  in  a  dog  weighing 
8  kilogrammes,  he  obtained  a  complete  biliary  reaction  by  the  above 
test. 

As  a  rule,  however,  the  biliary  salts  appear  to  undergo,  before  absorp- 
tion, some  change  which  modifies  their  original  properties;  and  attempts 
to  distinguish  them  in  the  blood  of  the  ptn'tal  vein  have  constantly  met 
with  a  negative  result.  The  most  appropriate  method  for  such  an 
investigation  is  to  collect  the  portnl  blood  imutodiatt'ly  after  killing  the 
iDimal  by  section  of  the  medulla,  coagulate  it  hy  the  gradual  addition 
of  alcohol,  or  by  boiling  with  wat«r  and  sodium  sulphate  in  excess, 
evaporate  it  to  dryness,  extract  the  dry  residue  with  absolute  alcohol, 
and  precipitate  the  filtered  alcoholic  .solution  by  ether  in  excess.  The 
ether  precipitate  is  then  dissolved  in  water,  and  subjected  to  Pctten- 
kofer*s  test. 

We  have  examined  the  portal  blood,  by  this  method,  in  the  dog,  one, 
four,  six,  nine,  cloven  and  a  half,  twelve,  and  twenty-four  hours  after 
feeding.  The  result  shows  that  in  tin'  venous  blood,  both  of  the  portal 
vein  and  of  the  general  circulation,  thern  is  a  substance  soluble  in  water 
ftnd  in  alcohol,  and  preeipitable  by  ether  from  its  alcoholic  solution. 


*  .SitzinigHl>ericlite  der  Akademie  der  WiBaeaecharten.    Wieii,  1878.    Band  Ixxvii. 
ill.,  p.  266. 
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This  substance  18  often  considerably  more  abundant  in  tho  portAl  blood 
than  in  that  taken  from  the  general  venous  system.  It  resembles  the 
liiiiary  matters  in  cons^iistency,  and  dissolveB,  like  them,  with  great 
readiness  in  water ;  but  in  no  instance  have  we  obtained  from  it  a 
characteristic  reaction  with  Pcttenkofer's  test.  This  is  not  because  the 
reaction  is  masked  by  other  infjrcdients  of  the  blood ;  for  if,  at  tho 
Kanif^  linie,  Itfle  be  added  to  bloo<l  takon  from  the  abdominal  vena  cava, 
in  the  proj>ortion  of  one  drop  of  bile  to  seven  orei^ht  cubic  centimetres 
of  blood,  and  the  two  specimens  treated  alike,  the  ct her-preeipitate  may 
be  eonsidcraljly  more  abundant  in  the  case  of  the  portal  blood ;  and  yet 
that  Ibui)  th(<  blood  of  the  vena  cava,  dissolved  in  water,  will  give  Pct- 
tenkofer's reaction  i»erfectly,  while  that  of  the  portal  blood  will  yield 
no  such  reaction. 

The  bile,  acctjrdinffly,  is  a  secretion  which  has  not  yet  aceompli.«ihed 
its  function  whtvn  srcreled  and  poured  into  the  intestine.  Although  its 
most  abundant  discliurge  coincides  with  the  beginning  of  digestion,  it 
does  not  seem  to  aid  the  ojMralion  of  the  digestive  fluids,  but  rather  to 
be  itself  acted  on  by  tlieni,  and  converted  into  other  forms  of  combina- 
tion. The  intestine  is,  th<Tefore,  for  the  biliary  iugredients,  a  place  of 
passage,  where  they  undergo  an  intermediate  transformation  between 
their  production  in  the  liver  and  their  final  disappearance  in  other  parts. 
It  is  still  unknown  what  now  substances  are  produced  by  these  changes ; 
but  they  seefii  iu  Iji'  essential  for  general  nutrition,  which  cannot  be  long 
maintained  if  the  biliary  matters  are  permanently  withdrawn  from  tbe 
sysUnn, 

Intestinal  Juice. 

The  secretory  apparatus  of  the  small  intestine  consists  of  two  sets 
of  glandular  organs ;  lirst,  Iirunner''it  glands,  which  are  lobulated 
glandules,  ei.nifuied  to  the  upper  part  of  the  duodenum,  for  a  distance 
of  sevcnil  centimetres  from  tho  pylorus ;  and,  secondly,  tho /ollides  of 
Liebct'kukn,  which  are  simple  tubular  glandules,  occupying  the  sub- 
stance of  the  raucous  membrane  for  the  whole  length  of  tbe  small  in- 
testine. 

Fio.  30. 


LoKOiTUDiNAU  SmTius  nr  Wall  oy  DcoDiuftM  is  tiik  Doo;  Bbowfng  the  subinuraus  layer  uf 
Bruonor'B  OlJindB.— «.  Muroiu  miMnbrane.  b.  Layer  uf  iubmuL-oiiB  coDnocUve  Unui^,  In  wbleli  Uio 
glands  are  ftituaUd.  c.  Muscular  c<)»t.  d.  Pedtono]  cout.  r.  Kmuucr'agUDda,  with  tlivir  duct* 
openinKOD  Uic  tree  lurfoce  of  lliu  loucoua  membrano.    (^Bernard.) 

Brunncr's  glands,  or  the  duodenal  glandules,  are  situated  in  the  sob- 
mucous  layer  of  connective  tissue  in  the  duodenum.  They  are  spheri- 
cal, or,  when  thickly  set,  irregularly  polygonal  in  shaiw;  from  mutual 
pressure,  and  from  ^  to  1  millimetre  in  diameter. 

In  structure,  they  resemble  the  lobulated  glandules  of  the  mouth, 
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bein^  composed  of  rounded  follicles  clufitered  aliout  a  central  excretory 
duct.  Eftch  follicle  is  alvout  ,'j,  of  a  iiiillJmotro  in  diamtter,  and  consists 
of  a  niofubranous  wall,  lintd  with  nucltatcd  cells  of  !L,'laudular  epithe- 
lium. The  follicles  collected  round  each  terminal  branch  of  tho  duct 
are  bound  together  by  a  tiiin  layer  of 
cr»nncc(ivp  tissue,  and  covered  with  b  Fio.  hi. 

plfxui*  of  capillary  blood-vessels. 

The  follicle.*?  of  Lieberkiihn,  which  are 
much  more  numerous  than  the  preced- 
ing, occupy  the  entire  thickness  of  tho 
mucouti  membrane.  They  are  nearly 
gtraijfht  tubules,  from  j'^  to  ^g  of  a  milli- 
metre in  diameter,  lined  with  cylindrical 
epithelium,  opeuinjr  on  the  free  surface 
of  the  mucous  niembraQc,  and  terminate 
iiig  bt.'low  by  rounded  extremities.  They 
arc  so  thickly  act  that,  for  the  inoat  part, 
there  api)ears  to  be  no  space  between  portion  of  one  of  bbTkkkh'b  Olajt™; 
ihrm,  except  that  occupied  by  capillary  froiu  human  inuwUue. 

blood-vessel.s. 

The  fluid  produced  by  the  mucous  membrane  of  the  small  intes- 
tine coniKi-sts  of  the  secretions  of  these  two  sets  of  glands.  But  owing 
to  the  situation  of  Brunn(T\s  glands,  their  secretion  is  always  mixed 

with  other  fluids;  and  l»y  the 
^'*''  ^'^'  intestinal  juice  propt-r  is  under- 

stood the  secretion  of  Lieber- 
kiilm's  follicles.  It  is  by  no 
tiK'uris  easy  to  obtain  this  fluid 
in  pure  form  and  normal  con- 
dition. Tlie  follicles  have  no 
single  excretory  duct,  in  which 
a  eanula mig-ht  be  inserted ;  and 
a  fistulous  opening  in  the  intes- 
tine would  yield  a  mixture  of 
all  the  secretions  discharged 
into  its  cavity.  If  these  r^hould 
be  shut  off  by  a  ligature  ajiplied 
above  the  fistula,  the  disturb- 
ance of  the  digestive  process 
would  he  80  great,  that  the  ex- 
periment could  hardly  Im?  ex- 
peet<'d  to  give  valuable  results. 
Nevertheless,  attempts  have  been  madr,  bj'  varioi»s  methods,  to 
obtain  the  intestinal  juice  for  examination,  liidder  and  Schmidt  tied 
thf  biliary  and  pancreatic  ducts,  and  then  eslublished  on  inteslinjil  fis- 
tula below,  from  which  they  extracted  thr  fluids  accumulated  in  the 
gut,     Frericbs  operated  by  opening  the  abdomen,  taking  out  a  loop  of 


IfouJOLMB  or  LiKiuuixOaM , 
of  flog. 
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intestine,  emptyincr  »t  so  far  as  poaBilile  by  gentle  preasure,  iKoIating 
its  cavity  by  tbc  application  of  two  lifjatures  15  or  20  cejitimetres  apart, 
and  returninjE   it  to  tb:  abtlnniinal  cavity.      After  a  few  hours  the  I 
animal  was  killed,  and  the  fluid,  which  had  collected  in  the  iBoIated' 
portion  of  the  intestine,  taken  out  and  examined.      Colin  adopted  & 
similar  method,  in  the  horse,  with  greater  precautions.     Wbilo  dij^es- 
tiun  wus  in  full  activity  he  took  out.  through  an  opening'  in  the  flank, 
a  loop  of  small  intestine,  which  he  isolated  by  two  compressors,  made 
of  flat  wooden  or  metallic  strips,  enveloped  by  velvet  ribbon,  and  fo6t-, 
ened  in  8uch  a  way  that  the  inner  surfacea  of  the  intestine  were  retained 
in  close  contact,  without  brui!:«ing  their  tissues.    The  compressors  beinj j 
applied  from  one  to  two  mftres  apart  after  the  included  portion  of  in- 
testine had  been  emptied  by  gentle  pressure,  the  whole  was  returned] 
into  the  alidomeD,  the  wouud  closed  by  sutures,  and  the  animal  killed  at] 
the  end  of  liulf  iiii  hour. 

On  the  average,  IQO  grammes  of  fluid  had  accunnibted  within  this 
tinn'.  It  wa;'  clear,  with  a  slightly  yellowish  or  amber  tint,  alkaline  to 
reaction,  and  with  a  specific  gravity  of  1010.  According  to  the  analyt- 
of  Lassaigne,  it  was  composed  as  follows : 

CojiPoaiTitiN  oi^^  Imtbstinal  Jlirk  kkom  the  Hobsk. 

Water •        .         .         .         .     981.0 

Albinuititxirt  miitttr     ........         4.5 

Sodium  chlorWe 


PotttHshnii  cliloriilu 
Sodium  j)boH[)hato 
8t»tlium  carlHitiutu 


14.6 


inon.o 


Thiry  separated  a  portion  of  the  smnll  intestine  from  the  remuindrr 
by  two  transverse  sectitms,  li-aving  the  mesentery  and  venficls  of  the 
isolated  portion  uninjured,  and  then  united  by  sutures  the  divided  endal 
of  the  rcmuiiiing  itortions,  so  as  to  rees(«blish  the  continuity  of  ihej 
iiitfstine,  but  with  ti  portion,  10  or  15  centimetres  long,  left  out.  Of 
this  isolated  jvortion,  still  nourished  by  its  blood-vessels,  he  closed  onoj 
end  by  sutures,  so  as  to  make  of  it  a  blind  extremity,  while  the  other 
he  fasUniod  to  the  edges  of  the  exti^rrial  wound  in  such  a  way  as  to 
make  a  permanent  fistula.  When  the  pnrts  htul  healed,  and  natural 
digestion  was  reestablished,  ho  collected  the  fluid  discharged  from  the 
isolated  portion  of  intestine.  This  operation  has  lx*en  re|H^atod  by  other 
obHerv<'rs.  The  objection  to  it  is  that  the  isolated  portion  of  intestine, 
after  being  for  sotue  w  e«'ks  precluded  from  taking  [mrt  in  the  process 
of  digestion,  becomes  partially  atrophied,  and  cannot  be  relied  on  as 
furnishing  a  secretion  similar  to  the  normal  intestinal  juice.  The  results 
obtaim'd  vary,  some  of  tbeni  indicating  that  the  secretion  converts  starch 
Into  sugar,  and  baa  a  dissolving  action  on  coagulated  albuminous  mat- 
ters, others  that  these  properties  are  absent  or  but  slightly  developed. 
Colin  found  that  the  fluid  obtained  from  the  horse  by  his  method  had 
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the  power  of  slowly  traii8foriuiiig  titareh- paste  into  glucose,  and  that  it 
could  emulsify  oily  subt-taucos  with  coasidorable  energy.  Bernard  found 
the  iiame  properties  in  a  fluid  *ibtained  from  the  dog,  by  opening  tho 
small  intestine  after  ftonie  days'  iastiiig.  But  on  the  whole  these  results 
have  not  been  very  satisfactory,  owing  fo  the  doubt  how  far  the  fluids 
obtained  represpot  ihe  i>ortnul  ceeretion  of  the  intestine. 

Furthermore,  two  iuHtances  of  intestinal  fistula  have  been  observed 
in  man.  In  the  case  examinod  hy  Duech,*  th:  patient,  a  woman,  31 
years  of  age,  had  })een  ^rrcd  by  ?.  ;toer ;  eauBing  a  fistuloua  opening  in 
the  abdominal  wail,  midway  lietwr^cn  the  umbilicus  and  the  pubis.  It 
communicated  with  th ;  tanall  iutoHtin:-  very  near  its  upper  extremit)-, 
the  two  portions  of  intestine  being  completely  ir>eparated  from  each  other 
at  the  fifttula.  The  portion  of  intestine  below  the  fistula,  accordingly, 
contained  non^-  of  the  fluidif*  from  rbovc,  but  only  its  own  seeretiou. 
Buech  operated  by  introducing  into  the  lower  portion  of  the  intestine 
Tftrioufl  alimentary  substances,  and  ascertaining  how  far  they  were 
liquetied  and  absorbed.  He  concluded  that  thtre  was  a  perci?ptible, 
l)ut  not  very  energetic,  .solvent  action  on  albuminous  matters,  a  much 

[stronger  one  on  starchy  substnnci'S,  and  either  very  little  or  none  at  all 

[on  fat. 

The  case  of  Demantf  was  somewhat  similar,  except  that  tho  fistu- 

[lous  separation  between  the  two  portions  of  small  intestine  was  near 
its  lower  instead  of  its  upper  extremity.  It  was  the  result  of  an  opera- 
tion for  strangulated  hirnia  in  a  man  forty-two  years  of  age,  and  at 
the  time  of  the  obsiTvation  in  good  health  and  condition.  Demant  col- 
lected tlu?  fluids  secreted  by  the  lower  portion  of  the  intestine,  and  ex- 
perimented with  them  on  diiTerent  kinds  of  fnnd  by  urtilieial  digestion 
at  the  t^jmiierature  of  3<>°  to  38-   C.     He  found  the  intestinal  juit-e 

fTery  scanty,  exuding  from  the  fistula  usually  in  drops.  The  largest 
itity  obtained  was  25  cubic  c«>ntimetres  per  day ;  the  average  from 
'to  20  cubic  centimetres,  It  was  a  thin,  clear,  alkaline  (luiil,  not 
coaguluble  by  heot,  but  prceipitable  liy  ficetic  acid  owing  to  its  mucuus 
ingredients.  It  cont4iined  no  pepsiue  ferment,  had  no  transforming 
action  on  albuminous  matters,  and  produced  no  peptone  from  coagu- 
lated fibrinc,  even  after  a  digestion  of  twelve  hours.  It  slowly  trans- 
fnrmed  .starch  paste  into  glucose,  requiring  five  hours'  time  for  that 
purpose.  Oily  matters,  containing  fire*  fatty  acid,  were  emulsioned  by 
it,  but  it  had  do  perceptibh'  effect  on  neutral  fats. 

From  these  observations  it  appears  that  the  intestinal  juice  cannot 
be  an  abundant  secretion,  nor  a  very  active  agent  in  the  digestive 
process.  It  is  an  alkaline  fluid,  with  a  moderate  transforming  action 
«n  starchy  matters,  much  inferior  to  that  of  the  pancreatic  juice.     Its 


*' Archiv  fQr  patliologiBclie  Anatoraie  tmd  Phrsiolo^e.  Berlin,  IS.'SS,  Band  xiv^ 
fp.  140. 

t  ArchiT  fur  pathologiacho  Anatomie  und  Phjnologie.  Berlia,  1879,  Bond  Ixxv., 
p.  419. 
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emuLsifying-  action  on  fats  is  also  quite  secondafy  in  importflnce,  and 
power  of  digesting  albumenoid  substances  doubtful  or  imperfect.     Iti;< 
most  important  property  is  perhaps  the  simple  one  of  lubricating  the 

nnicou«  membrane,  and  facilita- 


Fio.  83. 
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COWTKKT*!  OK  ^TOMACU  UUttUItt  PlOESTtOH  OV  M  KAT, 

from  Uio  Dog.— fl.  Fut  VrsicJo,  fillwj  with  opaqiin, 
BolUI,  ^nunilHr  (at.  h,  b.  Partially  diaiutegrulud 
mii-x  kilar  flbr«.    e.  OU  globules. 

gnmioiis  fluid  with  an  acid  rcaettan. 
cular  fibre;*,  more  or  les.s  reduced  to 

Fin.  34. 


ting  the  passage  of  alimentArv 
materials  through  the  intestin^H 
Digeation  in  the  Intestine,^^ 
The   digestive    process,    which 
commences  in  the  stomach  under 
the  influence  of  the  gastric  jdiee, 
is  continued  and  completed  dur- 
ing  the   passage    of    the    food 
through  the  small  intestine.   ^H 
details  may  be  examined  in  sm^ 
cessive  parts  of  the  alimentary 
canal,  in   animals  killod  while 
digestion  is  going   on.     AR|^ 
a  meal,    consisting   of   musl^P 
lar   flesh    and    adipose    tissoa, 
the    stomach     contains     (Fig. 
33)    masses  of  softened    meat, 
smeared  with  gastric  juice,  and 
a  moderate  quantity  of  grayish 
Tliis  fluid  contains  isolated  m\igr 
fragments.     The  fat  vosicles 

Fto.  8fi. 


/ 


■9    ^ 


PBOM   DVODKirUM    OF    DOO    DVRIMl    DmiWnoM         FkOM  MIPKI  KOK  SbIAUL  IjrTKSTISIt.— «, 
OP  Mkat.— «.    Fat   vesicle,  with   iln  conltiits  TeskJe*,  Utftu-lj  eiupUud  of  Ibelr  Con|«iit0. 

dtmlni.^hlnfir.  The  vehicle  Is  Ix-piniilnK  to 
AhriTel  and  the  riitbrcaklni;  up.  b,  b.  Dlslnle- 
grated  uuKular  flhrc.    c,  c.  Oil  globules. 

beef  are  bat  little  altered,  and  there  arc  only  a  few  free  oil  globules 
the  mixed  fluids  of  the  stomach.     lu  the  duodenum  the  muscular  fibres 
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«re  further  disintou-n 
and  trauHparont,  but  can  .still  be  recopnized  by  thefr  chjjracteristit'  mark- 
ings and  striations.     The  fat  vosiek'S  also  betumo  ultt-red  ill  the  duo- 
dfuuui.     The  solid  grauular  fat  of  beef  becomes  liquefied  and  emul- 
Bioned;   and  appears  under  the 
form  of  free  oil  drops  and  fatty  P't"-  '^''• 

molecules;  while  the  fat  vesicle 
is  partially  emptied,  and  more  or 
JflgB  collapsed.  In  the  middle  and 
er  part^  of  the  nniall  inte!?tine 
(Tips.  35  and  3(>)  the.se  changes 
continue.  The  muscular  fibres 
become  more  disinte^ated,  pro  I 
indng  a  large  quantity  of  grranu- 
hr  debriH,  which  is  at  last  dis- 
solved. The  fat  also  progres- 
Bively  disappears,  and  the  vesicles 
may  be  seen  in  the  lower  part  of 
the  intestine  completely  collapsed 
and  empty. 

In  thi.s^  way  the  digestion  of  the 
food  goes  on  continuously  through- 
out the  small  intestine.  At  the  same  time  it  results  in  the  production  of 
three  different  substances,  namely  :  1st.  Peptone,  from  the  digestion  of 
albuminous  matters;  2d.  Chj-le,  from  the  emulsion  of  the  fats;  and  3d. 
Olucose,  produced  by  the  tran.sformation  of  starch.  Those  substances 
»re  then  ready  to  be  taken  into  thr  eirtulatiuu  ;  ajid  as  the  mingled  in- 
tcetinal  contents  pass  successively  downward,  tlio  products  of  digestion, 
together  with  the  digestive  secretions,  are  absorlied  by  the  mucous  mem- 
brane and  carried  away  by  the  blood-vessels. 
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FhuM   La;>T  QUAitTEn  OF  HMALL  IimtSTTSTK.— O, 

a.  Fa.t  vesiclee,  quite  wuptj  mmI  shrlTaUsd. 


The  Large  Intestine  and  its  Content*, 

The  mucous  membrane  of  the  large  intestine  is  provided  with  tubular 
follicles  not  esseulialiy  different  in  their  anatomical  characters  from  the 
follicles  of  Lielj«>rkiihn.  Their  secretion,  hfnvever,  apjx'ars  to  Ix*  scanty. 
According  to  Ranke,  fistulous  openings  in  the  large  intestine  do  not  yield 
»ny  notable  quantity  of  fluid,  and  if  a  loop  of  the  gut  be  isolated  by  liga- 
ture^s,  an  accumulation  ol"  mucu,s-like  matter  is  the  only  result.  In  the 
rabbit,  after  ligature  of  the  vermiform  appendix,  Punke  obtained,  at  the 
end  of  from  two  to  four  hours,  a  quantity  of  turbid  alkaline  secretion 
tvith  which  the  appendix  had  become  filled.  This  fluid  was  without 
action  on  coagulated  albumen  ;  but  it  transformed  .starch  into  sugar,  and 
also  decomposed  the  sugar  with  production  of  lactic  and  butyric  acids. 
The  same  change  was  produced  on  starch  introduced  into  the  cavity 
of  the  appendix.*     This  accounts  for  the  acid  reaction  sometimes  found 


*Baake,  Phyuologie  des  MeoBchen. 
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Leipzig,  1872,  p.  297. 


194 


FUNCTIONS    OF    NUTRITION. 


I 


in  the  crocum  of  herbivorous  animals,  although  the  raucous  surface  of 
the  hir^e  intestine  is  eoustautly  alkaline. 

As  the  remnants  of  the  alimentnry  mass  pass  the  ileo-ca?t^al  valve  I 
into  the  large  intestine,  they  acquire  a  pasty  consistency  and  a  repulsive 
odor.     Both  these  changes  become  more  marked  in  the  middle  and  lower 
part  of  the  gut,  until  all  the  siiiwrfluous  fluids  have  disappeared,  and  the  h 
consistency  and  odur  of  the  feces  are  fully  developed.     This  is  not  a( 
putrefactive  odor,  but  is  characteristic  of  the  contents  of  the  large  in- 
testine.    Its  source  may  Ixj  either  a  peculiar  transformation  of  soroe^_ 
of  the  ingredients  of  the  food,  or  an  excretory  action  of  the  intestinatiH 
mucous  rnemhratH'v     If  is  prubably  in  great  part  the  result  of  an  excr<^» 
lion,  since  in  different  animals,  whatever  the  nature  of  their  food,  the 
feces  have  u:^ually  a  distinct  odor  characteristic  of  the  species. 

The  average  daily  quantity  of  feces  in  man  is  150  grammes,  of  whichj 
about  75  per  cent,  is  water  and  25  percent,  solid  residue.     They  consist/ 
first,  of  undigested  rcuuuints  of  the  foud.  and  secondly,  of  excreted  mate- 
rial from  the  alimentary  canal.    The  undigested  substances  derived  from 
the  food  are  mainly  animal  or  regetalile  tissues,  which,  from  their  con- 
stitution, are  incapable  of  digestion.     These  are  elastic  fibres,  or  hits  of  ^m 
elastic  tissue,  which  nearly  always  pass  the  intestine  unchanged;  shreda^^J 
of  tendon  or  fascia  not  sufficiently  softeiicd  by  cooking;  horny  epidermic 
tissues,  both  animal  and  vegetable;  and  the  spiral  tubes  and  ducts  of 
vegetable  substances.    The  e.xcreted  mau>rials  are  the  nmcus  of  the  large 
inlestino  and  probably  also  the  volatile  substances  which  produce  thdi 
fecal  odor.     The  color Lng  matters  of  the  bile  are  present  in  a  more  oi 
less  altered  form. 

The  mineral  salts  in  the  feces  amount  to  a  little  over  one-tenth  of 
the  solid  iugredieuts.  They  are  for  the  most  part  the  same  with  those 
of  the  animal  fluids  in  general,  but  are  mingled  in  different  proportions; 
only  about  4  per  cent,  consisting  of  the  .soluble  chlorides  and  sulphates, 
while  fully  80  per  cent,  are  composed  of  lime  and  magnesium  phos- 
phates. They  are  regarded  as  derived  partly  from  the  unabsorbed 
mineral  ingredients  of  the  food,  and  partly  from  the  intestinal  secretioiia. 
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CHAPTER   II. 
ABSOBPTION, 


IHE  ab>iijrplion  of  the  dij?ested  food,  which  is  the 


I 


Fio.  37. 


mnin  ofBco  per- 

1-  formed  by  the  small  intestine,  is  provided  for  by  a  special  struct- 
ure of  its  mucous  membrane.  The  apptir(itii>!  cunsists  in  au  abundance 
of  miDUte  eminence.s  or  prolonfj^ations,  the  so-<'alled  villi  of  the  small 
intestine,  so  closely  set  over  its  surface  as  to  give  it  a  characteristic  velvety 
appearance.  They  are  found  throughout  this  part  of  the  alimentary 
canal,  from  the  pylorus  to  the  free  border  of  the  ileo-cajcal  valve,  most 
abundant  ui  the  duodenum  and  jejunum,  rather  less  so  in  the  ileum,  but 
averaging  in  number  from  20  to  40  to  the  s<|uarc  millimetre.  In  ihe 
tipper  part  of  the  intestine  they  arc  flattened  and  leal-lil'e,  cylintlrical  or 
filamentous  in  its  middle  and  lower  portions  In  man 
they  are  about  ouc-half  a  millimetre  in  length. 

Each  villus  is  covered  with  nucleated,  finely  gran- 
ular cylindrical  epithehuni  cells,  closely  united  with 
each  other  by  their  lateral  surfaces,  and  presenting 
at  their  outermost  portion  a  transparent  layer, 
marked,  according  to  Kiilliker,  Frey,  and  other 
observers,  by  fine  vertical  striationa.  It  Ist  pene- 
traK'd  below  by  blood-vessels  from  a  terrainal  twig 
of  the  mesenteric  artery,  which  form  by  their  divi- 
sion and  inosculation  a  capillary  net- work  beneath 
the  epithelial  layer.  At  its  base  they  reunite  to 
form  a  venous  branch,  one  of  the  rootlets  of  the 
mesenteric  vein. 

In  the  deeper  part  of  the  villus,  and  nearly  in  its 
longitudinal  axis,  there  is  the  commencement  of  a 
lymphatic  vessel,  which,  after  its  emergence,  joins 
the  general  abdominal  !<ystem  of  lyniphatic  or 
lictcal  vessels.  It  is  usually  single  in  the  llliforra  *  '^ 
nd  cylindrical  villi,  double  or  triple  in  those  of 
more  flattened  form.  It  has  exceedtngly  thin  walls, 
consisting  of  a  single  layer  of  flattened  epithelium 
c«»lls. 

Closed  Follicles  of  the  Small  Intestine. — In 
addition  to  the  follicles  of  Lieberkiihu,  the  intestine 
presents  two  sets  of  glandular-looking  organs, 
IroowTi  as  the  rjlandulfe  nolitarise  and  the  glaudulee 
agminats.  The  6rst  of  these,  or  the  solitary  glandules,  are  found  in 
the  upper  part  of  the  intestine,  scattered  over  its  surface,  as  minute 
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whitish  points.  Farther  down  they  occur  in  clusters  of  several 
together,  and  in  the  lower  part  of  the  Jejunum  and  In  the  ileum  they 
constitute  rounded  or  aval  patches,  from  H  to  5  centimetres  in  length, 
known  as  "  Payer's  patches."  These  patches  are  situated  opposite  the 
attachment  of  the  mesentery,  with  their  long  diameter  parallel  to  the 
axis  of  the  intestine. 

The  structure  of  the  solitary  glandules  and  of  those  forming  Peyer's 
patches  is  the  same. 

Each  follicle  is  a  rounded  or  ovoid  body,  from  one-half  to  two  milli* 
metres  in  diameter,  situated  partly  in  the  mucous  membrane  and  partly 
below  it.  It  consists  of  a  closed  capsule,  from  the  inner  surface  of 
which  slender  anastomosing  filaments  pass  through  the  substance  of 
the  organ,  forming  a  scaffolding  or  frame-work  of  minute  fibres.  In 
the  interstices  there  is  a  small  quantity  of  fluid,  together  with  an 
abundance  of  lytnpk  corpuscles^  or  faintly  granular  cells  about  13  mmm. 
in  diameter.  The  follicle  is  also  provided  with  capillary  blood-vessels, 
which  penetrate  its  investing  capsule,  inosculate  freely  in  its  interior, 
and  return  upon  themselves  in  loops  near  its  centre. 

These  follicles  have  a  close  relation  with  the  lymphatics  of  the  intes- 
tine. The  lymphatic  vessels  coming  from  the  villi  form  a  plexus  in  the 
substance  of  the  mucous  membrane,  from  which  branches  pass  to  the 
follicles  and  ramify  over  them,  forming  another  plexus  upon  their  in- 
vesting capsule.  Tbey  do  not,  however,  penetrate  into  the  interior 
of  the  follicles,  which  are  occupied  by  blood-vessels  alone.  Owing  to 
the  analogy  in  structure  between  these  bodies  and  portions  r>f  the 
lymphatic  glands,  as  well  as  to  the  fact  that  the  lacteals  from  the  neigh- 
borhood of  Peyer'^8  patches  are  mort-  numerous  than  these  from  other 
points  of  the  intestine,  the  closed  foUicles  are  generally  regarded  as 
belonging  to  the  systc:  i  of  tho  lymphatic  glands.  They  furnish  no 
Becretion  to  the  intestinal  cavity,  but  are  connected  in  some  way  with 
the  elaboration  of  the  absorbed  materials. 
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Absorption  by  the  ViUL 

The  villi  are  the  active  agents  in  the  process  of  absorption.  The 
entire  mucous  membrane  of  the  small  intestine,  including  the  valvules 
conniventes,  represents  about  GOOO  square  centimetres  of  surface  ;  and 
as  the  number  of  the  villi  is,  on  the  average,  not  less  than  30  to  the 
square  millimetre,  there  must  be  at  least  from  fifteen  to  twenty  millions 
of  them  in  tho  intestine.  By  their  abundance,  as  well  as  by  their  pro- 
jecting form,  they  multiply  the  extent  of  contact  of  the  digested  fluids 
with  the  mucous  membrane,  and  increase,  to  a  corresponding  degree, 
the  activity  of  ab^rption.  They  hang  out  into  the  nutritious,  semi- 
fluid mass  in  the  intestinal  cavity,  as  the  roots  of  a  tree  penetrate  tho 
soil ;  and  they  imbibe  its  liquefied  portions  with  a  rapidity  which  is  in 
proportion  to  their  extent  of  surface  and  the  movement  of  the  circa- 
lation. 

Absorption  is  also  hastened  by  the  peristaltic  action  of  the  intestine. 
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The  iiiuticular  layiT  throughout  the  alimentary  canal  is  double,  consist- 
it)|^  of  circular  and  longitudinal  Ubrvs.  Tht'ir  action  may  Ijc  excited 
in  the  recently  killed  animal,  hy  ptnching  the  exposed  intestine  with 
the  bla<let*  of  a  forci'iin.  A  contraction  takes  place  at  the  ep«jt  irritated, 
the  iutcstine  is  reduced  in  diameter,  and  its  coutenie  forced  onward. 
The  li>cal  contraction  then  propagates  itself  to  the  neighboring  parts, 
while  the  portion  originaJly  ooritracted  Ixconies  relaxed ;  and  a  slow, 
continuous,  creeping  motion  of  the  intestine  it;  prodiieed,  by  suceesfiive 
waves  of  contraction  and  relaxation,  following  each  other  from  above 
dowiiwari^.  At  the  same  tinie  the  longitudinal  fibres  have  a  similar 
alteruate  action,  drawing  the  narrowed  portions  of  intestine  up  and 
down,  as  they  sueces.sively  become  contracted  or  relaxed.  The  effect 
produced  is  a  peculiar,  writhing,  worm-like,  or  "  vermicular  "  motion. 
among   the  coils   of    intestine. 

During  life,  this  action  of  the  Fro.  88. 

intestine  is  excited  by  the  food 
undergoing  digestion.  By  its 
means  the  substances  passing 
from  the  sttimach  into  the  duode- 
num are  made  to  traverse  the 
entire  length  of  the  small  intes- 
^Ue,  and  brought  in  contact  suc- 

»jvely  with  the  whole  of  its 
membrane.  Poring  this 
the  absoriJtion  of  the 
digested  food  takes  place,  so  that 
its  liquefied  portions  disappear, 
and,  at  the  lower  cud  of  the 
amall  intestine,  there  remains 
only  the  undigested  part  of  the 
food,  together  with  the  refuse 
of  the  iutestiinil  secretions.  These  pass  thmugh  the  ileo-<'a'cal  orifice 
mto  the  large  intestine,  and  are  there  reduced  to  the  condition  of  feces. 
The  fluids  of  the  intestine  are  first  absorbed  bj-  the  epithelial  cells 
of  the  villi,  and  thence  transmitted  to  the  d«"eper  portions  of  the  tissue. 
This  passage  of  the  products  of  digestion  through  the  substance  of  the 
epithelial  cells  is  dilTiciilt  of  demonstration  for  homogeneous  liquids, 
but  it  may  be  seen  in  the  fatty  matters  of  the  chyle.  Chyle,  drawn 
nitber  from  the  lacteal  vessels  or  from  the  thoracic  duct,  presents  the 

itj  appearance,  containing  fatty  matter  under  the  form  of  granules, 
^hich  vary  in  size  from   2.5  nimm.  downward,  and  which   have  the 
usual  characters  of  oil  in  a  state  of  minute  stib<livision. 

'he  emulsioned  fat  of  the  eliyle  has  accordingly  passed  from  the 

dty  of  the  intestine  into  that  of  tho  lacteal  vessels.  It*?  trunsrais- 
sfou  is  facilitated  by  tin-  alkaline  condition  of  the  tdood  and  of  the 
intestinal  juices.  Oil  by  itself  is  non-diffusible.  If  a  fluid  containing 
oil  be  placed  on  one  side  of  an  animal  membrane,  and  pure  water  on 


f'iiTl.K  FKOM  Commkm;k)ik>t  ok  THORAt-ir  iM'tT; 
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the  other,  tho  water  will  readily  penetrate  the  Robstanee  of  the  mem- 
brane, while  the  oily  particles  cannot  be  made  to  pass  under  any  ord 
nary  pressure.     But  though  this  l>c  true  for  pure  water,  it  is  not  true 
for  slightly  alkaline  fluids  like  the  serum  of  bloud  or  the  lymph.     Thi 
was  shown  by  the  experiments  of  Matteocci,  with  an  oily  emulsioi 
in  an  alkaline  fluid  coutainin;^  4.3  parts  t>f  pota^ifiium  hydrate  per  thot 
Band.     Such  a  solution  has  no  alkaline  taste,  and  its  action  on  reddent 
litmus-paper  is  about  ecjual  to  that  of  tho  lymph  and  chyle.     If  eucl 
an  euiuli^ion  be  placed  ia  an  endosmometcr.  together  with  a  wateryj 
alknlioe  solution  of  similar  strength,  the  oily  particles  penetrate  th« 
animal  membrane  without  much  difficulty,  and  mingle  with  the  exterit 
fluid.     Endosmosis  will  therefore  take  place  with  a  fatty  emulsion,  pre 
vided  the  fluids  be  slightly  alkalinn  in  reaction. 

When  the  molecules  of  the  chyle  are  taken  up  by  the  rilli,  their 
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passage  into  and  through  the  epithelial  layer  produces  a  marked  altera 
tion  in  the  appearance  of  its  fells.  In  the  intervals  of  digestion  thee 
cells  are  nearly  transparent  and  homogeneous-looking,  presenting  un(k 
the  microseopt!  the  appearance  of  a  very  delicate  granulation.  (Fi^ 
Sy.)  But  during  the  digestion  and  absorption  of  fatty  matters,  the! 
substance  is  crowded  with  oily  particles.  (Fig.  40.)  The  oily  mattei^ 
then  passes  onward,  penetrating  deeper  into  the  substance  of  the  villi 
until  received  by  tho  capillary  vessels  in  its  interior. 

Absorption  hijthe  Bloafi-rrttael.t, — The  fiual  al>sorption  of  th©  di^estej 
fluids  is  accomplished  mainly  by  the  blood-ves.sels  of  the  intestinal 
villi.  Their  situation,  their  numbers,  and  the  rapi<l  movement  of  tho 
blood,  are  all  favorable  conditions  for  the  jicrformance  of  this  function. 
The  oapillary  plexus  of  eaoh  villus  is  situated  in  its  superficial  part,  im- 
mediately beneath  the  epithelium  cells,  so  that  the  absorbed  fluids,  after^ 
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ing  throui^h  the  cpitlielial  layer,  come  at  once  in  contact  with  the 
Milar  network.  The  extension  of  absorbiiig  siirfaco,  from  the  division 
and  inosctilation  of  those  vessels,  and  the  renovation  of  their  fluids  by 
the  luovL^ment  of  the  circulation,  provide  for  their  constant  activity, 
and  drain  away  the  absorbed  Quids  from  the  interior  of  the  villus  as 
as  thi-y  are  taken  up  by  iU  surface. 
The  activity  of  the  blood-vessels  in  this  process  is  a  matter  of  direct 
observation.  It  was  first  shown  by  Magendie,*  who  found  that  the 
absorption  of  poisonous  substances  would  take  place,  in  the  living  ani- 
mal, both  from  the  cavity  of  the  intestine  and  from  the  tissues  of  the 
leg,  notwithstanding'  that  nil  communication  through  the  laeteals  and 
iphatics  was  cut  off,  and  the  blood-vessels  alone  remained.  These 
ilts  were  corroborated  by  Panizza,  who  succeeded  in  detecting  the 
substances  absorbed  in  the  venous  blood  returning  from  the  part.  This 
observer,  aft«r  havin.sj;'  opened  the  abdomen  of  a  horse,  drew  out  a  fold 
of  the  small  intestine,  about  20  centimetres  in  length,  which  he  included 
between  two  ligatures.    A  ligature  was  then  placed  upon  the  mesenteric 

FiQ.  41. 
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vein  receiving  the  blood  from  this  portion  of  intestine  ]  and,  in  order 
that  the  circulation  mijrht  not  be  interrupted,  an  oponinp:  was  made  in 
the  vein  behind  the  ligature,  so  that  the  blood  broujirht  by  the  mesen- 
teric artery,  after  circulating  in  the  intestinal  capillaries,  passed  out 
at  the  o|)ening,  and  was  collected  for  f.vannnation.  Hydrocyanic  acid 
was  thou  introduced  into  the  intestine,  and  almost  immediately  after- 
ward its  presence  was  detected  in  the  blood  flowing  from  the  venous 
orifice.  The  animal,  however,  was  not  poisoned,  since  the  acid  was 
prevented  by  the  ligature  from  gaining  an  entrance  into  the  general 
circulation. 

Panizza  afterward  varied  this  experiment  in  the  following  manner : 
Instead  of  tying  the  mesenteric  vein,  he  simply  compressed  it.  Ilydro- 
cyanic  acid  being  then  introduced  into  the  intestine,  no  effect  was  pro- 
duced 80  long  as  the  vein  remained  compressed^  but  as  soon  as  the 

*  Jourital  de  Phyaioiogie.    Paris,  1825,  tome  L,  p.  18. 
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these  vessels  were  discovered  in  1622  by  AselHue,  who  first  saw  them 
on  openinpr  the  abdomen  of  a  dog,  a  few  hours  after  the  ing«Btioa 
of  food.  The  discovery  of  the  general  lymphatic  system  was  made 
subsequently  by  Rudbcx-k  and  BurthoHn,  in  1C51  and  1653,  aodj 
was  consequent  upon  the  previous  observations  on  the  lacteals  of  the 
abdomen. 

That  the  white  color  of  the  chyle  during-  digestion  is  really  due  to^| 
the  presence  of  fotty  sub^^lances  absorlicd  from  the  intestine,  is  shown  ^* 
by  the  fact  that  its  intensity  is  in  proportion  to  the  quantity  of  fat 
in  the  food.     It  is  gencralJy  less  marked  in  herbivorous  than  in  earn- 
ivoroua  animals.     According  to  the  obiservutions  of  Tiedemann  and 
Gmelin,  in  a  dog  fed  with  fatty  matters  the  lacteals  are  abundantly 
filled  with  an  opaque  white  fluid,  while  in  the  same  animal  fed  wiih^ 
starchy  matters  alone,  the  chyle  is  pair  and  but  slightly  opaline;  and( 
Bernard  bas  shown  that  if,  in  a  dog  after  several  day.s'  fasting,  a  littlej 
ether,  containing  fat  in  solution,  be  injected  into  the  stomach,  without j 
the  introduction  of  other  food,  at  the  end  of  a  few  hours  the  lactealftl 
are  fulh'  distendiid  with  chyle,  similar  in  appearance  to  that  seen  during 
ordinary  digystiun. 


■I 
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Fassagpe  of  Absorbed  Materials  into  the  General  Cironlation. 

The  products  of  digestion,  taken  up  by  the  blood-ves.sels  and  lym^ 
phatics  of  the  intestine,  pass  by  two  different  routes  into  the  general 
circulation.     The  blood  of  the  portal  vein,  containing  peptone,  glucose, 
and  molecular  fat,  is  carried  to  thr  liver,  where  it  traverses  the  capi 
Inry   vessels   of   this   organ   hefon*  reaching   the  vena   cava  and  the 
right  side  of  the  heart.      Tijr  chyh*,  on  the  other  hand,  containin 
a  large  proportion  of  fatty  ingredients,  passes  by  the  thoracic  duct  t 
the  left  subclavian  vein,  and  there  mingles  with  the  returning  current 
of  the  venous  blood.     But  all  the.-^e  substanceji,  after  entering  the  cir 
cnlutiou  and  comtnjr  in  contact  with  the  hkiod,  are  so  modified  as  no 
longer  to  be  recognizable  in  tlicir  original  form.     This  change  takei 
place  very  rapidly  with  peptone  and  glucose.     Peptone  passes,  in  all 
probability,  into  the  condition  of  albumen  ;  whih'  the  glucose  is  for  the 
most  part  depo.sitetl  in  the  liver  in  tin  insoluble  form,  those  portions' 
which  reach  the  general  circulation  being  decompoped  or  transformed, 
and   thus   losing  their   characteristic   pruiK-rties.     The   fatty  matters 
also  undergo   a  transformation  while  passing  throtigh  the  lungs  b 
which  their  distinctive  characters  are  destroyed,  and  they  arc  no  lougoi 
visible  as  oleaginous  particles.     This  alteration  is  so  complete,  dnringf^ 
the  early  part  of  digestion,  or  when  the  proportion  of  fat  in  the  fo 
is  small,  that  all  the  oleaginous  mirfter  disa|)|)ears  in  the  lungs,  and" 
none  is  to  be  detected  in  the  general  circulation. 

But  as  digestion  proceeds,  especially  with  food  abundant  in  oleaginouttH 
substances,  an  increasing  quantity  of  fat  finds  its  way  into  the  blood,^^ 
and  a  time  arrives  when  the  whole  of  it  is  not  destroyed  during  its 
passage  through  the  lungs.     Its  absorption  then  taking  place  moi 
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rapiilly  than  Us  decomposition,  it  begins  to  appear,  in  raodorat'C 
quftotity,  iu  the  t;«'n«Tal  circnlntion  ;  and.  lostlj,  when  absorption  is 
at  the  point  of  jurreatt'st  activity,  it  is  found  in  considurahle  abundance 
throufrhoiit  the  vascnlar  8yst<.'m.  At  this  period,  some  hours  after  the 
in^e*tion  of  food  rirh  in  oleaginous  matters,  the  blood,  not  only  of  the 
portal  v*»in,  but  also  of  the  tronera!  circiilatinn,  contains  a  supevabun- 
danci'  of  molecular  fat,  derived  from  the  di^-'estivc  process.  Blood  drawn 
»l  that  time,  from  the  veins  or  the  arteries  in  any  part  of  the  body,  will 
present  the  appearance  linown  as  that  of  "  chylous  "  or  '*  milky  "  blood. 
Od  the  Hf  paratioii  of  the  clot  the  scrum  is  turbid  ;  and  after  a  few  hours 
of  repose,  its  fatty  incrrcdii^nts  rise  tci  the  surfsicfi  in  an  opaijue.  cn-aniy- 
looking*  pellicle.  This  a[»pcarance  has  been  sometimes  observed  in 
haman  blood,  in  cases  of  suddcu  death  after  a  full  meal.  It  is  a  purely 
normal  phenomenon,  due  to  the  rapid  absorption,  at  certain  periods 
durin{<r  dip-estion,  of  oleajy-inous  subi^tances  from  the  intestine.     It  can 

I  be  observed  at  any  time  in  the  dofi;  by  feeding  htm  with  fat  meat,  and 
drawing-  blood,  seven  or  ei,:;'ht  hours  afterward,  from  the  carotid  artery 
or  the  juiL'ular  vein. 
—This  condition  lasts  for  a  varyinfc  iin»e,  according'  tu  the  amount  of 
ittftginous  matter  in  the  food.  Wheu  digestion  is  tcrmiuulcd,  antl  fat 
CVMes  to  bo  absorbed,  its  transformation  continuini^  to  take  place  in 

I  the  blood,  it  pradually  disappears  from  the  vascular  system  ;  and, 
finally,  when  the  whole  of  it  has  been  disposed  of  by  tlic  nutritive 
process,  the  serum  ap^aio  becomes  transparent,  and  the  blood  returns  to 
its  ordinary  condition. 

In  this  manner  the  nutritive  elements  of  the  food,  prepared  by  the 
digestive  process,  are  taken  into  the  circulation  undi-r  Ibi"  forms  of 
peptone,  glucose,  and  chyle,  and  accumulate  as  sucit  at  eerlnin  time-;  in 
the  blood.  But  these  conditions  are  temporary  and  transitional.  The 
rbed  materials  soon  pass  into  other  forms,  and  become  assimilated 
the  preexisting  elements  of  the  eirciilatinjf  fluid,  thus  aci'ompIisUiujf 
finally  the  object  of  digestion,  and  replenishing  the  blood  with  its 
nutritive  elements. 


Absorption  of  Carbohydrates  and  Production  of  Glycogen 
in  the  Liver. 

The  absorption  of  starchy  and  saccharine  matters,  and  the  changes 
which  they  undergo  while  passing  through  the  liver  to  the  general  cir- 
culation, have  been  the  suliject  of  extiiidtd  ubt*ervations,  and  require 
a  special  description.  They  are  connected  with  the  production  of 
glycogen  in  the  liver,  as  welt  as  with  its  transformation  and  disappear- 
ance. 

If  the  liver  of  a  carnivorous  or  herbivorous  animal,  after  twenty- 
four  hours'  fasting,  be  taken  from  the  body  immediutely  after  death, 
finely  divided,  and  boiled  for  a  few  moments  in  water  with  animal 
charcoal  or  an  excess  of  sodium  sulphate,  to  eliminate  the  albunjinous 
and  coloring  matters,  the  filtered  fluid  will  be  nearly  clear,  or  will  show 
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only  a  modpratply  opalino  tinge.  But  if  the  Bame  thing  )>e  done 
within  a  f^w  hours  after  feedinjir,  the  watery  dec^KJtion  of  the  liver 
will  be  Btrorij^ly  upaloscent ;  containinc:  in  considerable  quantity  a 
matter  which  communicates  to  the  s-olution  a  partial  turbidity.  This, 
matter  is  glycogen,  which  is  present  in  varying  quantity  under  thes 
two  conditions. 

Oriijin  and  Formation  of  Glycogen. — As  this  sabstance  is  present 
in  the  liver  tissue  of  both  cjirntvoroua  and  herbivorous  auimali*,  it  may 
be  derived  from  the  materials  of  either  kind  of  food.     In  the  carnivora».| 
ftt  least,  there  is  evidence  that  it  is  supplied  from  nitrogenous  materials,] 
by  the  nutritive  elian^'-es  which  they  undergo  in  the  liver.     Under  somaj 
circumstam^'s  a  material  reseinbliug  glycogen,  or  identical  with  it,  may 
be  present  in  the  muscles  of  the  herbivora.     Bernard  has  found  it  in 
the  muscular  ti.ssue  in  rabbits,  and  especially  in  pigeons,  when  fed  on 
the  cereal  grains,  and  in  horses  kept  on  oats  an<l  barley ;  but  in  all 
these  animals  it  disappears  when  the  food  is  changed,  or  after  some 
days'  fasting.     Luchsinger*  has  also  found  it  absent  from  the  muscles 
of  the  rabbit  after  several  days'  fasting,  but  more  {>er8i8tent  in  the 
pectoral  museles  of  the  fowl  under  similar  conditions. 

It  is  acconlingly  not  a  constant  but  only  an  occasional  ingredient  of 
muscular  flesh,  and  when  pre.sent  is  usually  in  very  small  quantity,^ 
Poggiale.f   in    many  experiments   instituted    for   this   purpose  by   a 
<\>mmission  of  the  French  Academy  of  Sciences,  found  glycogen  in 
ordinary  Initcher's  meat  only  onc<\     We  have  also   found   It  abscnfrJ 
from   the   fresh  meat  of  the  bullock's  heart,  when  examined  in   the^ 
manner  above  de8cril>ed.      Nevertheless^  in  dogs  fed  exclusively  for 
eight  days  on   this   food,   glycogen  may   be    abundant  in    the  liver,. 
while  it  does  not  exist  in  other  internal  orgaD>,  as  the  spleen,  bings^j 
and  kidneys. 

Glycogen  is  produced  in  the  liver  in  especial  abundnnce,  after  the  in- 
gestion of  starchy  and  saccharine  food.  Bernard  |  found  the  decoction 
of  the  liver  tissue  in  dogs,  after  feeding  for  two  days  with  bread  and 
starch  paste,  very  turbid  and  miiky  in  appearance.  Subsequent  ex- 
periments by  the  same  observer  §  have  shown  that  a  etarchy  diet 
augments  notiibly  the  quantity  of  glycogen  in  the  liver.  This  fact  was 
first  demonstrated  in  a  special  manner  by  the  oljservations  of  Pavy,|| 
who,  by  comparative  experiments  on  dogs  fed  with  animal  and  vege-] 
table  fond,  found  that  th«!  influence  of  the  latter  was  to  increa.ee 
decidedly  the  weight  of  the  liver,  and  also  the  percentage  of  glycogen 
which  it  contained.  The  same  effect  was  produced  by  a  diet  of  animal 
food  and  sugar.  The  fullowiug  table  gives  the  average  results  of  thre«J 
series  of  observations  by  Pavy : 


**  Aldbiv  tSiT  die  gesammte  Phyc-iolo^ie.     Bonn,  1873,  Band  vtii.,  p.  2]K). 

t  Journal  de  la  Physiologitt,     Pari*,  1858,  p.  558. 

X  Lepons  ilc  F*liy.siologiL'  Ezp^rioientale.     Huris,  1865,  p.  169. 

i  Revile  des  iSetences  .Medicales.     Paris,  1874,  tiime  iii.,  p.  34. 

II  Nature  and  Treatment  of  Diabetes.     Londunj  1802. 
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PBODrCTION    ol.-    (iLVCOOKN,    IN    DoOS,    rNDKB    VaKYISG    DjET. 

Diet  for                                                 Wcifrht  of  liver,  Olycogrn  In  the 

wveral  days                                               in  perc-cntage  of  fnsili  liver, 

previouftly.                                               bodily  weight.  per  cent. 

Tripe 303  7.19 

Tripe  and  sugar    ....         6.42  14.50 

Meal,  bread,  potatoes    .         .         ,         6.06  17.23 

Experimeuts  on  the  rabbit  also  showed  that  in  this  animal  both  the 

light  of  the  liver  and  its  percentage  in  glycogen  nre  niimh  tlirninlBh«l 

fastlug,  but  are  maintained  at  the  maximum  standard,  for  a  timti  at 

tt*ast,  by  an  exclusive  diet  of  carbohydrates.     The  average  resulLa  were 

IbllowB : 

i«>B  PBODrcnox  OF  Gltcogbk  m  Rabbits,  whbx  Fastino  axd  -wbxs 
Fed  ox  CAitHonYDrLVTEs. 

biet  for  three  Absolute  weight  of  Olycopen  In  the  ffesh 

days  previously.  liver  (srammeg).  liver  (per  cenf). 

No  food 34.02  1.85 

Start'h  and  sng^ar  73.71  10.15 

The  quantity  of  glycogen  found  in  the  livor  by  Pavy  is  greater  timn 
that  obtained  by  subsequent  observers  under  similar  cirfumstancen ;  but 
the  fact  of  the  increase  of  glycogen  under  the  use  of  carbohydrsitcs  has 
been  conBrmed  by  other  experimenters.  Dock*  found,  in  experiments 
on  the  rabbit,  that  after  from  3  to  5  days'  fasting  the  glycogen  in  the 
liver  was  reduced  to  a  very  minute;  quantity,  or  more  frequently  was 
entirely  absent.  But  if,  in  this  condition,  a  sohition  of  gkico.se  wore 
introduced  into  the  stomach  through  a  catheter,  and  the  animnl  killed 
from  19  to  24  hours  afterward,  the  glj'cogon  in  the  liver  amounted  to 
I  from  0.650  to  1.24.'i  grammes.  After  ev<-n  7  day.*;'  fa.^ting.  followed  by 
^H  an  injection  of  glucose  into  the  stomach,  ^o  short  a  time  as  four  hours 
^V  was  sufficient  to  produce  an  abundance  of  glycogen  in  the  liver.  The 
^P  deposit  of  this  substance  nccordingly  takes  place  so  rapidly  after  the 
"  ingestion  of  this  kind  of  food,  that  no  doubt  can  remain  of  its  being 
^^    produced  from  .saccharine  or  .starcliy  substances, 

^H  Tscherinow|*  showed,  by  his  observations  on  fowls,  both  the  produc- 
^^  Uon  of  glycogen  from  animal  food,  and  its  more  abundant  deposit  under 
a  vegetable  diet.  Tie  found,  in  this  species,  two  days*  fasting  sufficient 
to  reduce  the  glycogen  tu  a  niiiiimuni.  After  a  preliminary  fast  of  this 
dnratiou,  the  fowla  were  fed  for  two  or  three  days  with  different  kinds  of 
food,  and  then  killed  and  examined.    The  average  results  were  as  follows : 

^^B  pKOOCtTlON    OF    GlYCUOKX    IS    FoWIJi    UND£B   DtrFESKNT    KINPS   OF   DiET. 

^^^^^  Diet  previous  to  the  Olycogen  In  the  f^e,^h 

^^^^^L  experiment  liver,  per  cent 

^^^^H  Fasting.  2  days 0.57 

^^^^H  Lean  meat,  2  to  4  day**                                                    .  1 .40 

^^^B  Barley,  2  days 5.41 

^^^H  Rice,  2  days 

^^^^^  Fibrine  imd  siigar,  2  to  3  days 10.20 

H^       *  Archiv  filr  die  gmammte  Physiologie.     Bonn,  1872,  Band  t.^  p.  571. 

f  Archtv  f&r   pathologlacbe  Anatomie   ui;d    Phyaiologie.      fierliD,  1869,  liand 
llTJL,  p.  102. 


FUNCTIONS    OF    NDTRITION. 


rhen 


It  appi'urs  furthermore  from  the  expprinientB  of  Weisg  and   Luch-^— 
singer  *  that  a  similar  increase  of  glycogen  will  lake  place  in  the  live|^| 
after  the  ingestion  of  glycerine  (CiHhOj),  but  not  under  the  use  of  fat 
or  of  the  alkaline  tartrates  or  lactatea. 

There  is  accordingly  every  reason  to  iK'lieve  that  carbohydrates,  when 
taken  with  the  food,  are  transported  to  the  liver  by  the  portal  circuli 
tion,  and  fixed  in  its  substance  under  the  form  of  glycogen.     It  make 
no  difference,  in  this  respect,  whether  they  be  taken  as  starch  or 
eugar ;  since  starchy  matters  are  transformed  into  glucose  by  digestic 
in  the  intestine.     It  is  under  the  form  of  glucose,  therefore,  that  tl 
enter  the  portal  circulation  and  reach  the  tissue  of  the  liver.     The  con- 
version of  this  8ub.-5tanee  into  glycogen,  as  shown  in  a  former  ehapter 
(page  61),  is  essentially  a  deliydration.     It  is  not  possible  to  savin 
what  manner  or  by  what  influence  this  change  takes  place ;  bat  it  iA^m 
one  of  the  j^implest  n^ethods  of  tvansfornmtion  for  organic  eDb6tanoeij|H 
and  exactly  the  reverse  of  that  by  which  glucose  is  produced  from  starch 
in  the  intestine. 

Transformation  of  Glycogen  into  Glucose The  glycogen  thus  de^ 

posited  in  the  liver  from  the  products  of  digestion  does  not  remain  under^H 
that  fornj  in  the  hepatic  tinsue.     It  is  gradually  reconverted  into  glucosa^|^| 
and  carried  awa3'  into  the  general  circulation.     This  is  shown  by  the 
fact  that  the  livi!r  ahvuy.s  eontains  a  small  ijuantity  of  glucose,  even  in 
the  intervals  of  digestion,  though  none  may  Im  present  in  the  blood  of 
the  portal  vein ;  and  that  the  blood  generally  contains  about  the  sa: 
quantity  of  glucose,  though  the  supply  of  carbohydrates  in  the  food 
temporarily  suspended.     The  first  fact  wa.s  discovered  by  Bernard f  in 
1848.     If  a  dog,  cat,  or  other  carnivorous  animal  be  killed  after  several 
days  of  an  exclusive  meat  diet,  the  liver  alone  of  all  the  internal  organs 
is  found  to  contain  glucose.     The  hepatic  tissue,  ground  to  a  pulp  and 
boiled  in  a  little  water  with  an  excess  of  sodium  sulphate,  to  eliminate 
the  albuminous  and  coloring  raattt-rs,  will  yield  a  filtered  extract  which 
responds  to  Tromnier's  or  Fehling's  test,  and  enters  into  fermentation 
on  the  addition  of  yeast.     At  the  same  time  neither  the  contents  of  the 
intestine,  the  blood  oJ'  the  portal  vein,  nor  any  other  of  the  solid  organs*^ 
give  evidence  of  a  similar  ingredient.     By  the  use  of  Fehling's  test  the  ^ 
proportion  of  saccharine  matter  in  the  liver  substance  may  be  deter- 
mined. 

The  prenience  of  glucose  in  the  liver  under  these  circumstances  is 
common  to  all  animals  so  far  as  known.  It  has  boon  found  by  Bernard 
in  the  monkey,  dog,  cat,  rabbit,  horse,  ox,  sheep,  birds,  reptiles,  and  sev- 
eral fish.  If  the  fresh  liver  ot  man  be  examined  after  .sudden  death  by 
accident  or  violence,  it  is  also  found  to  contain  sugar.  ^M 

The  glucose  thus  produced  in  the  liver  originates  by  transformational 
from  the  hepatic  glycogen  under  the  influence  of  a  ferment.     As  the 


*  Arcliiv  fiir  die  geaammte  Physiologie,  1873,  Band  viii.,  p.  290. 

fCoroptea  Beodus  de  I'Acad^raie  des  iscienccB.     Paris,  I860,  tome  xzzt.,  p.  671. 
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orgsQ  tisually  contains  n  store  of  glycopren  derived  from  the  last  dila- 
tive process,  the  crouversioii  of  this  sulwtance  into  ^-liicose  will  {fo  on  aft«r 
>,  and  even  in  tlu-  separated  liver,  at  tho  toinperature  of  38-  C. 
the  liver  of  a  hoalthy  do";  be  taken  out  inmit'diately  after  death  and 
injected  with  water  by  the  portftl  vein,  the  fluid  which  escapes  by  the 
itit'  vein,  after  travertJiiiir  the  liver  tissue,  contains  sujfar.  But  as 
injection  is  continued,  the  quantity  of  jtrlucose  extracted  by  it  from 
thr  liver  grown  e<»nsiant.ly  !es(^ ;  until  in  from  half  an  hour  to  an  hour 
it  18  completely  exhtiusted,  and  neithtT  the  itijt'cted  fluid  nor  the  hepatic 
tissue  contains  any  further  trace  of  plucose.  If  such  a  liver  Vjc  kept  in 
a  nio<lerately  warm  place  for  some  hours  its  tipsue  will  ajrain  become 
saccharine.  Its  jjlueose  may  Iw*  exhausted  I>y  a  fresh  injection,  and  airain 
rvproducod  until  all  the  |Erlycogi?n  has  been  transformed,  or  until  deeoni- 
ition  begins  to  Ik?  established.  The  p^lyconrcn,  beintr  less  soluble  than 
ir,  remains  behind  after  such  an  iujectioti  aud  produces  a  new  supply 
of  glucose  by  a  new  transformation. 

After  death,  accordingly,  if  tlic  liver  be  allowed  to  remain  saturated 
with  it*  natural  Juices,  this  transformation  goes  on  for  a  time,  and  the 
glucose  of  the  hepatic  tissue  increases  at  the  expense  of  its  glycogen. 
This  fact  is  established  by  the  experience  of  all  observers.  Aceurding 
to  our  own  observations  on  the  dojr,  the  glucose  in  the  liver  is  increased 
within  an  hour  after  death  to  four  or  five  times  its  former  qutmtity. 
Afterward  the  change  goes  on  more  slowly,  its  rate  diminishing  with 
the  lapse  of  time,  so  that  at  the  end  of  twelve  hours  the  sugar  may 
iivdiy  exeeed  live  or  six  times  its  original  amount.  The  following 
Itble  gives  the  result  of  three  experiments  in  this  direction  : 

I'mopoktius  ok  Gliuose  in  tub  Liveu  op  tue  Po«}  at  DiPVKBs.sr  Periods 

AFTKR   DkaTU. 
At  the  end  of  Per  ttaoueuind  parts. 

(   G  seconds       ......  810 


No.  1.       15  minutes 
I    1  Lour 

5  seconds 

6  hours 


No 


■M 


No.  3. 


4  .eocondjs 
1  hour    . 
4  hours 
12  houra 


792 

10.260 

8.850 
11.458 

2.676 
11.888 
18.861 
15.351 


V  It  ha*t  been  denied  by  some  writers  (Pavy,  Meissner,  Kitter,  Schiff) 
that  ghicose  exists  in  the  liver  during  life ;  the  whole  of  it  being  con- 
sidered as  the  product  of  a  change  after  death.  But  there  is  abundant 
evidence  of  its  existence  at  the  moment  of  death,  or  when  pieces  of  the 
hepatic  substance  are  excised  from  the  living  animal;  and  even  its 
qnantitj  under  these  circumstances  is  nearly  uniform,  varying  ft-om 
&boat  2  to  4  parts  per  thousand  of  the  liver  tissue.     Barley,*  who 
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killed  the  auiutul  by  sectioa  of  the  medulla  oblongata,  immediately 
placing  a  portion  of  the  liver  in  a  freezing'  mixture,  and  afterward 
slicing  it  into  boiiinjr  at'idulafed  water,  has  shown  that  glucose  may  be 
demonstrated  iu  the  organ  within  20  seconds  after  death.  If  a  portion 
of  the  liver,  separated  while  the*  circulation  is  going  on,  be  ground  to  a 
pulp  and  plunged  into  f^trong  alcohol  or  Ijoiling  water,  either  of  which 
arrests  the  trangformatiou  of  glycogen,  its  decolorizotl  extract  will  give 
the  reaction  of  glucose  by  Fohling's  tent.  We  have  invariably  obtained 
this  result  in  ex|xjrimenti*  of  this  kind,*  though  the  time  occupied  in 
taking  out  the  liver  tit^ue  and  immeriiing  it  iu  alcohol  or  boiling  water 
was,  on  the  average,  but  little  over  six  seconds.  Bcrnard.f  in  a  re- 
ezamluatiou  of  the  subject  after  u  long  interval,  found  that  in  dogs  and 
rabbiti4  pieces  of  the  liver,  cut  out  and  plunged  into  boiling  water  for 
two  or  three  st^conds,  constantly  contained  glucose  in  nearly  the  above 
proportions ;  and  the  same  coneluBion  has  Ijeen  reached  by  Scegen  and 
KratachmerJ  in  exi>erimcnta  on  dog?*,  c-ats,  and  rabbits?,  iu  which  the 
time  varied  from  a  few  seconds  to  three  minutes.  It  appears,  therefore, 
that  glucose  is  a  normal  ingredient  of  the  liver  tissue  during  life. 

Absorption  and  Disappearance  of  the  Lirer-gugar. — Tlir  glucose 
produced  in  the  liver  from  the  transformation  of  glycogen  does  not 
remain  at  the  place  of  its  formation.  It  is  absorlx*d  by  the  blo<.>d 
traversing  the  capillaries  of  the  organ,  and  carried  away  in  the  current 
of  the  circulation.  This  is  shown  by  the  fact  that  the  blood  of  the 
hepatic  vein,  as  well  as  the  liver  tissue,  contains  glucose,  although 
there  may  be  none  iu  the  portal  blood  by  which  the  organ  is  supplied.  . 
Ab  the  blood,  before  its  entrance  into  the  liver,  iu  these  cases,  is  desti^^H 
tute  of  sugar,  and  yet  contains  this  substance  after  its  passage,  it  must^^ 
acquire  its  saccharine  irigrcdjcut  iu  the  liver  itself.  Bernard  §  has  shown 
that  if  two  specimens,  one  of  portal  and  one  of  hepatic  blood,  be  taken 
from  the  same  dog,  when  fasting  or  after  on  exclusive  diet  of  aoi 
food,  the  former  will  show  no  trace  of  sugar,  while  the  latter  will 
saccharine.     Lchraann  ||  obtained  siiuilar  results  in  dogs  and  horses. 

Glucose,  accordingly,  although  constantly  produced  in  the  liver,  doei 
not  accumulate  in  the  organ  during  life  beyond  a  very  moderate  quan- 
tity. It  is  only  after  death,  when  the  circulation  has  come  to  an  end, 
and  while  th^  transformation  of  glycogen  is  still  going  on,  that  the 
proportion  of  glucose  in  the  liver  tissue  becomes  notably  increased. 
The  circulation  of  blood,  so  Ifirig  as  it  continues,  acts  like  an  injection 
through  the  hepatic  vessels,  and  extracts  from  the  organ  the  sugar  pro- 
duced at  the  expense  of  its  glycogen. 

In  this  way  the  blood  of  the  general  circulation  la  sapplied  wit 


*TranBactiona  of  the  New  York  Academy  of  Medicine,  1871.    2d  Series,  Vol  I, 
p.  28. 
t  Comptes  Rendos  de  I' Acad^mie  des  Science-     PariB,  1877,  tome  Ixxxiv.,  p.  1201. 
X  Arcbiv  flir  die  gesamnit«  PhwiulnKie.     Bonn,  1880,  Band  xzii.,  p.  214. 
{  Le9onii  de  riiyi«iologie  Exp^ritueiiCale.     Paris,  1856,  pp.  'it>5,  4ti9. 
y  CompteB  RenduB  dv  i'Acad^Diit:  des  8uienc«».     Paris,  1650,  tome  xl.,p.  586. 
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glucose  from  the  liver.  According  to  the  mor<>  recent  investigations 
of  Bernard,*  the  arterial  blood  of  both  hfrljivorous  and  carnivorous 
lals,  ciithor  fasting  or  in  digentiou,  and  that  of  man,  living  uii  a 
sd  diet,  always  containa  glucose  in  sensibly  the  same  proportion ; 
namely,  from  1.10  to  1.45  per  thousand  parts.  Id  its  passage  through 
ibe  general  capillary  circulation,  the  ghieone  diffiap]>ears.  The  precine 
chaLngi-x  which  it  undergoes,  anil  the  immediate  products  of  its  decom- 
Uion,  are  etill  unknown,  but  they  no  doubt  nerve  in  some  way  for 
firocegs  of  general  nutrition.  Consequently  the  venous  blnod  re- 
turning from  the  peripheral  organs  contains  less  glucose  than  the  arte- 
rin]  blood  with  which  they  arc  supplied.  In  two  instances  Bernard 
fdund  in  I  he  dog  its  proportion,  in  the  blood  of  the  carotid  artery  and 
jugular  vein,  as  follows : 


Paoi'OKTiON  OP  Gli'cose  in  tub  Buk)d. 
Prom  thtf  Per  thoua&ad  poru. 

Carotid  arterv 1.14         1.28 

Jngulnr  vcju 0.98         0.81 


I ,„ „ _ 

^m  diminution  occurs;  but  at  tiif  level  of  the  hepatic  vcius  the  (|uantily 
^P  of  glucose  in  the  blood  suddenly  augments  to  more  than  double,  rising 
^P  sometimes  to  a  niaxiniuiu  of  2.50  or  li.OO  part>»  per  thousand.  This 
^P  proportion  is  again  diminished  ou  its  being  mingled  with  the  blood  of 
ji        the  superior  vena  cava,  and  in  the  right  ventricle  the  maximum  is  1.81 

(per  thousand  part*'. 
So  far,  therefore,  we  must  regard  the  liver  as  a  temporary  deposit 
for  the  carbohydrates  in  the  form  of  glycogen.  According  to  this  view, 
the  system  recjuires  for  its  nutrition  a  constant  supply  of  glucose,  to 
be  decomposed  in  the  general  circulation.  The  starchy  matters  of  the 
food,  at  each  period  of  digestion,  are  rapidly  converted  into  soluble 
glacose,  and  absorbed  from  the  intestine  by  the  portal  blood.  On 
rcachiBg  the  liver  they  are  reduced  to  the  dehydrated  or  glycogenic 
rondition,  under  which  form  they  remain  as  a  reserve  material  until 
a  further  supply  shall  be  received  from  the  food.  During  this  interval, 
the  glycogen  La  slowly  reconverted  into  glncose,  and  given  up,  little 
by  little,  to  the  blood  of  the  general  circulation,  to  Vie  decomposed  in 
the  system  at  large.  The  proportion  <tf  glucose  in  the  blood  is  thus 
maintained  nt  nearly  a  constant  standard,  notwithstanding  the  varia- 
tions in  its  supply  from  without. 

Accumulation  of  Glucose  in  the  Blood,  and  its  Discharge  by  the 
Urine, — Under  ordinary  conditions  the  glucose  thus  formed  does  not 
jmss  beyond  the  general  circulation.    But  if  from  any  cause  it«  quantity 

tin  the  blood  be  raised  above  a  certain  proportion,  it  fails  to  W  con»- 


*Conipte«  Reodusde  rAcadfimie  des  Sciences. 
407. 

O 


Paris,  1876,  lt>me  Ixxxii.,  pp.  3»iO, 
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a  condition  of  diabetes.  Von  Becker*  found  that  in  rabbits,  if  gincose 
be  present  in  the  blood  in  the  proportion  of  5  parts  per  thousand,  it 
passes  oflf  by  the  urine,  where  it  may  be  recognized  by  the  copper  test ; 
but  if  less  abundant  than  this,  its  indications  in  the  urine  are  faint  and 
uncertain.  Bernard,f  by  injecting  a  solution  of  glucose  into  the  veins 
of  the  rabbit,  generally  produced  a  condition  of  diabetes  when  the  glu- 
cose was  injected  in  larger  quantity  than  one  part  per  thousand  of  the 
bodily  weight.  The  effect  of  such  injections  is,  however,  temporary, 
passing  off  when  the  surplus  of  saccharine  matter  has  been  expelled 
from  the  system.  According  to  Von  Becker,  a  solution  of  glucose, 
injected  into  the  jugular  vein  of  the  rabbit  in  sufficient  quantity,  may 
cause  the  appearance  of  sugar  in  the  urine  in  less  than  three  hours; 
but  at  the  end  of  six  or  seven  hours  the  whole  of  it  may  be  eliminated, 
so  that  it  is  no  longer  found  in  the  excretions. 

A  variety  of  circumstances  may  so  increase  the  proportion  of  glucose 
in  the  blood  as  to  cause  a  saccharine  condition  of  the  urine. 

I.  One  of  these  causes  is  an  unusually  abundant  and  rapid  absorp- 
tion of  sugar  from  the  intestine.  Where  a  very  large  quantity  of 
sugar  is  suddenly  absorbed,  and  at  once  carried  by  the  portal  vein  to 
the  liver,  this  organ  is  not  capable  of  immediately  converting  the  whole 
of  it  into  glycogen.  A  portion  thus  passes  the  hepatic  circulation  un- 
changed, and,  reaching  the  general  circulation  in  unusual  quantity,  is 
discharged  with  the  urine.  Von  Becker  observed  that  when  concen- 
trated solutions  of  glucose  are  introduced  in  abundance  into  the  intes- 
tine of  the  rabbit,  it  may  subsequently  appear  in  the  urine.  Bernard 
also  found  that  if  in  the  rabbit,  after  one  or  two  days'  fasting,  sugar  in 
large  amount  be  injected  into  the  stomach,  the  urine  becomes  diabetic ; 
and  he  observed  the  same  thing  in  the  human  subject,  in  consequence 
of  taking  a  large  quantity  of  sugar  in  solution  when  the  stomach  had 
been  empty  for  several  hours.  This  result  is  produced  only  when  a 
much  greater  abundance  of  sugar  is  present  in  the  intestine  than  in 
ordinary  digestion,  and  depends  on  the  excessive  quantity  absorbed  in 
a  short  time. 

II.  A  diabetic  condition  may  also  be  induced  by  anything  which 
hastens  the  circulation  through  the  liver,  or  increases  its  supply  of 
blood.  Many  observers  have  mot  with  this  result  from  a  variety  of 
causes.  Bernard  found  that  in  dogs  the  venous  blood  may  present 
traces  of  glucose  after  the  abdomen  has  been  subjected  to  pressure  or 
manipulation  over  the  region  of  the  liver,  and  after  continued  struggles 
or  convulsive  action,  by  which  the  abdoniinal  organs  are  forcibly  com- 
pressed. In  the  same  animal,  according  to  Hnrley,  the  injection  of 
weak  solutions  of  ammonia  or  ether  into  the  portal  vein  may  be  followed 
by  a  saccharine  condition  of  the  urine.  It  has  also  been  observed  in 
man,  after  a  bruise  in  the  right  hypochondriac  region.     The  resistance 

*  ZeitPchrift  fur  wiR-ocnscliaftliche  Zoologie,  Hand  v.,  p.  176. 

t  Leyona  nur  les  Li(]ni(leR  <le  rOrganisme.     Paris,  1859,  tome  ii.,  p.  73. 
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of  an  animal  to  the  inhalation  of  ether  and  his  subsequent  muscular 
relaxation,  general  paralysis  from  fracture  of  the  skull  with  cerebral 
hemorrhage,  and  the  action  of  curare,  which  also  causes  complete  mus- 
cular paralysis,  are  all  known  to  be  sometimes  followed  by  sugar  in  the 
nrine.  Schiff*  has  even  found  that,  in  various  animals,  compression 
of  the  abdominal  aorta  for  ten  minutes,  or  tying  the  principal  blood- 
vessels of  one  limb,  may  induce,  for  the  time  being,  a  condition  of  dia- 
betes. All  these  causes  probably  operate  by  accelerating  the  hepatic 
circulation. 

III.  Saccharine  urine  may  also  be  produced  by  puncture  of  the 
medulla  oblongata  in  the  floor  of  the  fourth  ventricle.  This  fact,  first 
discovered  by  Bernard.f  is  best  shown  in  the  rabbit  by  introducing 
a  narrow  chisel-shaped  instrument,  with  the  cutting  edge  directly 
transversely,  through  the  back  part  of  the  skull  and  the  cerebellum, 
so  that  it  shall  pierce  the  posterior  part  of  the  medulla  in  the  median 
line,  without  passing  completely  through  its  substance.  Glucose  ap- 
pears in  the  urine  after  one  or  two  hours  and  continues  to  be  present 
for  several  days.  The  immediate  effect  of  this  operation,  according 
to  Bernard,  is  to  increase  the  activity  of  the  abdominal  circulation. 
When  successfully  performed,  the  operation  causes  no  serious  disturb- 
ance of  the  vital  functions,  and  the  animal  recovers  without  permanent 
iigury. 

In  all  the  above  instances,  the  appearance  of  sugar  in  the  urine  is 
temporary,  depending  on  occasional  disturbance  of  the  circulation. 
When,  in  man,  this  condition  becomes  permanent,  it  constitutes  the 
disease  known  as  Diabetes  mellitu*.  In  this  affection,  which  is  gen- 
erally progressive  and  fatal,  the  urine  is  increased  in  quantity,  of  high 
specific  gravity,  and  continuously  charged  with  glucose,  sometimes  in 
great  abundance.  Fluctuations  are  observable  in  its  quantity  at  differ- 
ent periods  of  digestion  and  under  the  use  of  different  articles  of  food ; 
saccharine  and  starchy  substances  causing  its  increase,  and  albuminous 
matters  its  diminution.  But  it  usually  continues  to  appear  in  some 
proportion,  whatever  regimen  be  adopted. 


*  Joamal  de  I'Anatomie  et  <le  la  Physiologic.    Paris,  1860,  No.  iv.,  p.  365. 
t  Lemons  de  Phyeiologie  Ezp^rimentale.    Paris,  1855,  p.  290. 


CHAPTER    III. 
THE    BLOOD. 

THE  blood  is  a  thick,  opaque  fluid,  varying  in  different  parts  of  the 
body  from  a  brilliant  scarlet  to  a  dark  purple  or  nearly  black  color. 
It  has  a  slightly  alkaline  reaction,  and  a  specific  gravity  of  1055.  It 
consists,  first,  of  a  nearly  colorless,  transparent,  alkaline  fluid,  the  plcM- 
ma,  containing  water,  albuminous  matters,  and  salts,  in  solution  ;  and^ 
secondly,  of  distinct  corpuscles,  or  blood  globules,  swimming  in  the 
liquid  plasma.  The  globules  form  about  40  per  cent.,  the  plasma 
about  60  per  cent,  by  volume,  of  the  entire  mass.  The  specific  gravity 
of  the  two  is  somewhat  different.  That  of  the  plasma  is  about  1030 ; 
that  of  the  globules,  1088.  Their  relative  quantities,  by  weight,  are 
therefore  more  nearly  equal  than  when  estimated  by  volume ;  the  exact 
proportions,  according  to  Robin,  being  nearly  45  per  cent,  of  globules 
and  55  per  cent,  of  plasma. 

Notwithstanding  the  difference  in  specific  gravity  between  the  blood- 
globules  and  plasma,  the  natural  movement  of  the  blood  in  the  circu- 
lation  keeps  them  thoroughly  mingled ;  and  even  when  it  is  allowed  to 
remain  at  rest,  the  globules  subside  very  slowly  and  imperfectly.  Thus 
the  globules,  uniformly  disseminated  through  the  plasma,  give  to  the 
blood  an  opaque  aspect  and  deep  red  color. 

The  globules  of  the  blood  are  of  two  kinds,  red  and  white ;  of  which 
the  red  are  far  the  most  numerous. 

Red  Qloboles  of  the  Blood. 

The  red  globules  of  human  blood  arc  so  abundant  that,  in  the  thinnest 
layer  under  the  microscope,  they  cover  or  touch  each  other  in  every 
direction.  According  to  the  estimates  of  Welcker  and  Vierordt  about 
5  millions  are  contained  in  each  cubic  millimetre  of  blood.  On  account 
of  their  quantity  therefore,  as  well  as  their  properties,  they  form  a  most 
important  constituent  of  the  circulating  fluid. 

Physical  Properties  of  the  Red  Globules. — The  red  globules  of  hu- 
man blood  present,  under  the  microscope,  a  circular  figure  and  a  smooth 
exterior.  According  to  the  most  recent  measurements,  they  have,  on 
the  average,  a  transverse  diameter  of  from  7.50  to  7.75  mmm.  Their 
size  varies  more  or  less,  but  this  variation  is  not  very  marked  for  the 
greater  number,  and,  according  to  Schmidt,  over  90  per  cent,  of  those 
contained  in  a  sinjrle  specimen  have  the  same  dimensions.  The  smallest 
size  observed  is  4.50  mmm.  (Harting),  and  the  largest  9.3  mmm. ;  while 
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HmjiM  BiiOOD-GLOBDue.— a.  Rud  globules,  Men 
lUtwIce.  b.  Bed  globulM,  Men  adcvwlM.  o.  Whita 
globuto. 


I 


Tbeir  nverajrp  diametpr.  in  differont  individuals,  varies  from  6.10  to 
b.2U  ninjiu. 

The  form  of  the  red   blood-globule   is  that   of  a   spheroid,  much 
flattened   on   its   opposite  snr- 

faceH,   eomevshut    like    a    thick  Fio.  43. 

piece  of  money  with  rounded 
wlges.  If  seen  flatwise  it  shows 
a  broad  surface  and  a  circular 
outline  (Fijf.  43.  o);  but  if 
made  to  roll  over,  it  presents, 
g  Us  rotation,  the  flattened 
Altai  indicated  at  b.  Its  thick- 
ness is  about  oue-6fth  of  its 
transTerse  diameter.  When 
lying  on  their  broad  surfaces, 
it  can  be  seen  that  the  globules 
tLtf  not  exactly  flat,  but  that 
there  is  on  each  side  a  central 
depression,  the  rounded  edges 
bein^  thicker  than  the  middle 
|H>rtion.  This  produces  a  diffi-r- 
cnt  appearance  of  the  globules 
when  examined  within  and  without  the  exact  focns  of  the  microscope. 
The  substance  of  which  they  are  composed  is  more  refractive  than  the 
plasma  in  which  they  are  immersed.  When  viewed,  therefore,  by  trans- 
mitted light,  their  thick  edges  act  us  double  convex  lenses,  uud  eon- 
oentrate  the  light  above  the  level  of  the  fluid.  Consequently,  if  the 
object-glass  of  the  microscope  be  slightly  raised,  so  that  the  globules 
taX\  beyond  its  focus,  their  edges  will  appear  brighter.  But  their  cen- 
portions  act  aw  double  concave  lenses,  and  disperse  the  light  frou) 
int  liclow  the  level  of  the  fluid.  They  thus  hcconie  brighter  when 
the  object-glass  is  carried  downward  and  the  globules  fall  within  its 
p.  An  alternating  appearance  of  the  globules  may,  therefore,  be 
uced  by  viewing  them  first  beyond  and  tbeu  within  the  focus  of  the 
inaftrumcnt.  When  beyond  the  focus,  the}'  are  seen  with  a  bright  rim 
and  a  dark  centre.  Within  it,  they  have  a  dark  rim  and  a  bright  centre. 
When  placed  under  the  microscope,  the  blood-globules,  after  a  flue- 
tnatinc:  movement  of  short  duration,  often  arrnuge  themselves  in 
-slightly  curved  rows,  adhering  to  each  other  liy  their  flat  surfaces, 
and  presenting  an  appearance  like  that  of  rolls  of  coin.  This  is  prob- 
ably due  to  the  coagulation  of  the  blood. which  takes  place  very  rapidly 
when  in  thin  layers  and  in  contact  with  glass  surfaces;  thus  forcing 
the  globules  into  a  position  to  occupy  the  least  space. 

The  color  of  the  blood-globules,  viewed  by  transmitted  light  and  in 

thin  layers,  is  a  light  amber  or  pale  yellow.     By  reflected  light,  or 

ick  layers,  it  is  deep  red.    Their  consistency  is  nearly  fluid.    They 

Tery  flexible,  and  easily  elongated,  bent,  or  distorted  in  passing 
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Red  Globtles  op  the  Blood,  adhering  to- 
gether, like  rolls  of  coin. 


through  the  narrow  channels  and  currents,  often  seen  in  a  drop  of 
blood  under  microscopic  examination ;  but  they  regain  their  original 
shape  as  soon  as  the  pressure  is  taken  off. 

So  far  as  observation  can  determine,  the  red  globules  of  the  blood, 

in  man  and  mammalians,  are 
^®     '  homogeneous  in  structure; 

showing  no  distinction  between 
an  external  envelope  and  the 
parts  within.  Although  some 
microscopists  of  high  repute 
(Edlliker,  Richardson)  continue 
to  regard  the  existence  of  an 
exterior  membrane  as  probable, 
it  is  not  generally  admitted,  and 
cannot  be  directly  demonstrated. 
Each  globule  appears  like  a  mass 
of  organic  substance  of  the  same 
color,  consistency,  and  composi- 
tion  throughout. 

The  blood-globules  are  altered 
by  various  physical  and  chemi- 
cal agents.  If  a  drop  of  blood 
under  the  microscope  be  not  protected  from  evaporation,  the  globules 
near  the  edges  of  the  preparation  often  diminish  in  size,  becoming 
shrivelled  and  notched  at  their  margins ;  an  effect  apparently  due  to 
the  partial  loss  of  their  watery  ingredients.  This  alteration  some- 
times takes  place  with  great  rapidity  in  blood  withdrawn  for  exami- 
nation; but,  according  to  Kol- 
liker,  it  is  never  seen  in  the  ^®-  *^- 

blood  while  circulating  in  the 
vessels. 

If  water,  on  the  other  hand, 
be  added  to  the  blood,  the  red 
globules  absorb  it  by  imbibition, 
lose  their  central  concavity,  as- 
sume the  spherical  form,  and 
become  paler.  A  large  quan- 
tity of  water  may  completely 
extract  the  coloring  matter, 
leaving  the  globules  as  pale, 
colorless  circles,  almost  invis- 
ible from  their  tenuity.  In 
this  condition  they  may  again 
be  brought  into  view  by  add- 
ing an  iodine  solution,  which 
stains  them  of  a  yellowish  color.  If  water  be  added  in  quantity 
just  sufficient  to  be  imbibed   by  the  globules,  without  extracting 
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their  coloring  matter,  a  special  change  in  their  form  is  exhibited. 
Their  thick  edges,  absorbing  water  more  abundantly  than  the  rest, 
become  turgid,  and  encroach  gradually  on  the  central  part.  The 
central  depression,  under  these  circumstances,  may  disappear  on  one 
side  before  it  is  lost  on  the  other,  so  that  the  globule,  as  it  swell:? 
up,  curls  over  laterally,  and  assumes  a  cup-shaped  form.  (Fig.  46, 
a,  a.)  This  may  often  be  seen  in  blood-globules  after  soaking  for 
some  time  in  the  urine,  or  other  animal  fluids  of  less  density  than 
the  plasma  of  the  blood.  Dilute  acetic  acid  at  once  extracts  the  color- 
ing matter  of  the  globules,  reducing  thorn  to  the  conditioii  of  pale  and 
nearly  invisible  colorless  bodies,  which,  however,  remain  for  a  long 
time,  and  are  dissolved  very 
slowly  in  comparison  with  the 
coloring  matter. 

Dilute  alkaline  solutions,  on 
the  contrary,  readily  dissolve 
the  whole  substance  of  the 
blood-globules.  A  solution  of 
potassium  hydrate,  in  the  pro- 
portion of  ten  per  cent.,  acts 
most  rapidly  in  this  manner. 
Solutions  of  soda  and  ammonia 
have  a  similar  effect,  though 
less  promptly  than  the  preced- 
ing. 

Solutions  of  sodium  glyco- 
cbolate  or  taurocholate,  in  any 
grade  of  concentration,  or  of  the 
fresh  bile  itself,  as  shown  by 
Kiihne,  also  dissolve  the  red  globules  of  the  blood. 

Composition  of  the  Bed  Globules. — The  red  globules  are  composed 
of  an  albuminous  and  a  coloring  matter,  with  mineral  salts  and  water. 
According  to  Lehmann,  the  water  of  the  red  globules  amounts  to  688 
per  thousand  parts ;  a  little  over  8  parts  per  thousand  consisting  of 
mineral  salts,  namely,  sodium  and  potassium  chlorides,  phosphates,  and 
sulphates,  together  with  lime  and  magnesium  phosphates. 

The  most  important  ingredient  of  the  red  globules  is  their  coloring 
matter,  or  h emoglobine.  According  to  the  estimates  of  Preyer, ♦  founded 
on  the  observed  quantity  of  iron  as  an  ingredient,  the  average  pro- 
portion of  hemoglobine  in  human  blood  is  12.34  per  cent.  As  the 
globules  constitute  45  pt>r  cent,  of  the  entire  blood,  the  quantity  of 
hemoglobine  in  each  globule  is  about  27  ]K*r  cent,  of  its  mass,  or  86  per 
cent,  of  its  solid  ingredients.  It  is  accordingly  the  principal  substance 
of  which  the  globules  are  composed. 

In  the  fresh  globule  the  hemoglobine  is  united  with  a  colorless  albu- 
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minous  matter,  which  forms  a  substratum  for  Its  other  ingredients. 
This  substance  is  less  soluble  in  water  than  hemoglobine,  and  remains 
behind  when  the  latter  has  been  dissolved  out,  leaving  the  globules  de- 
colorized and  reduced  in  volume.  The  exact  condition  of  hemoglobine 
in  the  blood-globule,  and  its  mode  of  union  with  the  colorless  sub- 
stratum, are  not  positively  known.  Preyer  calculates  that  the  water 
of  the  globule  is  insufficient  to  hold  in  solution  the  quantity  of  hemoglo- 
bine present;  and  on  the  other  hand,  as  the  crystals  of  hemoglobine  are 
doubly  refracting,  while  the  fresh  globules  are  not  so,  the  hemoglobine 
cannot  exist  in  the  globules  in  a  solid  form.  So  far  as  we  can  judge,  the 
two  substances  are  uniformly  united  in  a  condition  of  semi-fluidity; 
but  the  hemoglobine,  being  more  easily  affected  by  various  dissolving 
agents,  may  be  extracted  by  this  means  from  the  mass  of  the  globule. 

The  avidity  of  hemoglobine  for  free  oxygen,  and  its  readiness  to  part 
with  this  substance  under  favorable  conditions,  cause  it  to  assume  alter- 
nately the  two  different  forms  of  "oxy hemoglobine"  and  "reduced 
hemoglobine  "  (page  94).  The  former  gives  its  bright  scarlet  hue  to  arte- 
rial blood,  the  latter  is  the  dark  purple  coloring  matter  of  venous  blood. 

Red  Globules  of  the  Blood  in  Different  Classes  of  Animals. — In  all 
vertebrate  animals  the  red  globules  contain  a  coloring  matter  identical, 
in  its  optical  and  physiological  properties,  with  that  of  human  blood ; 
but  they  present  varieties  of  form,  size,  and  structure  more  or  less  char- 
acteristic of  different  classes,  families,  and  species. 

In  the  mammalians,  or  warm-blooded  quadrupeds,  the  red  globules 
have  without  exception  the  same  homogeneous  structure  as  in  man. 
They  have  also  the  same  circular  disk-like  figure,  except  in  the  family 
of  camelid8e  (camel,  dromedary,  lama),  where  the  disks  are  oval.  Their 
size  varies  much  in  extreme  cases,  the  smalle.st  known  being  those  of 
the  Java  musk-deer,  an  animal  not  larger  than  a  rabbit,  which  have  a 
diameter  of  2.50  nimni.,  while  the  largest  are  those  of  the  elephant, 
which  measure  9.20  mmm.  Their  size,  however,  does  not  always  cor- 
respond with  that  of  the  animal,  since  those  of  the  cat  are  larger  than 
those  of  the  sheep,  and  those  of  the  rabbit  larger  than  either.  The  fol- 
lowing list  gives  the  size  of  the  red  globules  in  various  species  accord- 
ing to  the  measurements  of  Gulliver  and  Welcker  : 

Diameter  of  the  Red  Blood-Globci.es  of  Mammalians, 
in  Micro-Millimetres. 

Elephaiit  ... 

Sloth  ... 

Ape  .        .         .        , 

Dog  .... 

Wolf 

Rabbit  .        .        .        , 

Cat  .... 

In  animals  where  the  red  globules  are  small,  they  are  proportionately 
numerous.     It  is  estimated  by  Kcilliker  that  the  mass  of  all  the  red 


IJ.20 

Fox 

6.10 

8.!)8 

Ox    .          .        . 

5.95 

7.35 

Horse 

6.48 

7.30 

Sheep 

5.00 

6.94 

Red  deer    . 

5.00 

fi.90 

(ioat 

4.10 

Cum 

Musk  deer 

2.50 
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jr1n>>n]»*s  topfther,  in  ntiy  p-ivon  quantity  of  hloml,  floi's  not  vary  rauch 
in  (lifforent  npociof;;  but  in  bliK>d  containing  the  smaller  and  more 
abuDilant  fflobiiles,  their  extent  of  surface,  and  probably  their  func- 
tiunal  activity,  i.«  iirreater  than  whore  they  ore  larj^erand  less  numerous. 
This  will  abo  apply  to  (he  inferior  vertebrate  animals,  in  whieh  the 
jrlobules  are  often  much  lartrer  and  lei^;*  nuiiierous  than  in  man. 

In  birds,  reptilcH,  and  fish,  eomprising  all  the  oviparous  vertebrataas 
wt*ll  ftp  jwme  whieh  are  viviparous,  the  red  globules  are  distinguished 
by  two  marked  ebaraeters  of  shape  and  f'tmcture,  namely,  nn  oval 
form  and  thf  presence  of  a  nueleus.  The  only  known  exceptions 
atP  two  upeeies  of  fi!*h,  belonging  to  the  family  of  the  Lampreys,  in 
which  the  globules  have  a  eirculnr  outline ;  lint  here  also  they  are 
provided  with  a  nueleiij?,  and  are  therefore  disttnguishuble  from  the 
circular  globules  of  mammalia. 

In  tbo  Batrachiaus,  or  naked 
reptiles,  the  red  globules  pre- 
sent the  largest  Ki7.e  and  exhibit 
ni«>t?t  distinctly  their  stnieturiil 
ehamctcr.  They  are  of  a  regu- 
larly oval  form,  somewhnt 
thicker  txiward  the  edges  and 
thinner  in  the  middle,  the  round 
or  oval,  colorless,  and  granular 
nncleus^  projecting  slightly  Iroiii 
the  lateral  surface  at  itn  c<.'ntral 
portion.  In  their  reaction  un- 
der different  phytsical  and  chem- 
ical rouditiong,  they  resemble 
the  red  globules  of  mammalians. 

lo  the  frog  the  red  globules 
have  a  long  diameter  of  22  ram  m., 
or  nearly  three  times  that  of  the  human  globules;  in  Proteus  anguinus, 
the  blind  water-lizard  of  the  Carniola  grottoes,  5R  mmm. ;  in  Meno- 
branchus,  a  specie*:  inhnl>iting  the  northern  lakes  of  the  United  Slates, 
r»2.5  mmm. ;  and  in  Amphiuma  tri<lactylum,  the  great  water-lizard  of 
Loai^iana,  according  to  Riddell.  they  are  one-third  larger  than  in 
pTotfus,  or  about  77  mmm.  The  following  list  gives  the  Kize  of  dif- 
ferent globules  of  the  oval  furm. 

LoHO    DUMKTRR   OF  THB   OvAl.   KkH   (jLOBULES   OF   BlRDS,  RePTILES,  AKD   Fi8H> 

ill  Micro-MilliTDOtres. 
Fowl 
Dock 
Pigeon 
Lizard 
Alligator 
Tortoise 
Jttog 


^ 


BLor)D-oi.oBin.CS  o»  Frog. — a.  Red  globule  »con 
edgvwiae.    h.  White  globule. 


12.1 

Tiiton      . 

12.9 

Proteus   . 

14.7 

Menobrunehn 

16.4 

An)])liluiiia 

li>.2 

Penli 

20.0 

Carj' 

22.0 

Sturgeon . 
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Diagnosis  of  Blood,  and  the  distinction  between  Human  Blood  and 
that  of  Animals. — It  is  often  of  consequence  to  recognize  blood  in 
various  animal  fluids  in  physiological  experiments,  and  it  sometimes 
becomes  important  in  medico-legal  investigations.  For  this  purpose,  in 
the  fresh  fluids,  nothing  can  be  more  satisfactory  than  spectroscopic  ex- 
amination ;  a  very  small  quantity  of  hemoglobine  being  sufficient  to 
yield  a  spectrum  with  the  characteristic  absorption  bands.  Thb  method 
has  the  further  advantage  that  it  enables  us  to  detect  the  presence  of 
blood  where  its  globules  have  been  dissolved  or  their  coloring  matter 
reduced  to  a  fluid  condition.  The  washings  of  a  blood  stain  may  show 
the  spectrum  of  hemoglobine,  although  they  may  not  contain  any  red 
globules  perceptible  by  the  microscope.  This,  however,  only  shows  the 
presence  of  the  coloring  matter  of  blood,  and  allows  us  to  distinguish  it 
from  other  colored  fluids ;  it  docs  not  distinguish  between  the  blood  of 
man  and  that  of  animals,  since  the  hemoglobine  is  the  same  in  all. 

But  by  microscopic  examination  of  the  red  globules,  either  when 
fresh  or  after  having  been  dried  and  again  moistened,  we  can  often  dis- 
tinguish the  blood  of  an  inferior  animal  from  that  of  man.  According 
to  Richardson,'*'  a  fragment  of  dried  blood,  weighing  less  than  y^^  of 
a  milligramme,  which  has  been  kept  for  five  years,  if  decolorized  with  a 
weak  watery  solution  (0.75  per  cent.)  of  sodium  chloride,  and  afterward 
tinted  with  aniline,  may  exhibit  the  blood-globules  in  such  a  condition 
that  their  size  can  be  accurately  measured. 

If  a  blood  stain,  accordingly,  which  in  watery  solution  gives  the 
spectrum  of  hemoglobine,  1)e  found  to  contain  oval  nucleated  globules, 
it  must  l)e  the  blood  of  a  bird,  reptile,  or  fish ;  and  the  oval  form  alone 
would  show  that  it  is  not  human  blood.  The  question  whether  a  speci- 
men be  composed  of  human  blood  may  conscriuently  be  decided  in  the 
negative  by  microscopic  examination.  But  if  the  specimen  contain  cir- 
cular globules,  without  nuclei,  it  will  be  impossible;  to  say  whether  they 
belong  to  human  blood,  or  to  that  of  some  animal,  such  as  the  ape  or 
the  dog,  whose  globules  nearly  approach  the  human  in  size.  In  most 
domesticated  quadrupeds,  the  globulins  are  smaller  than  in  human  blood ; 
while  in  both  the  sloth  and  the  elephant,  they  are  larger.  If  it  were 
only  rocjuired  to  decide  whether  a  .S]H'<'im(!n  of  blood  belonged  to  man, 
or  to  the  elephant  or  the  musk  deer,  for  example,  or  even  to  the  goat, 
no  doubt  the  difference  in  size  of  the  globules  would  be  sufficient  to 
determine  the  question. 

But  within  nearer  limits  of  resemblance  it  would  be  doubtful,  because 
the  size  of  the  globules  varies  to  some  extent  in  each  kind  of  blood ; 
and  in  order  to  bo  certain  that  a  particular  s])ocim<«n  were  human  blood, 
it  would  be  necessary  to  show  that  tin*  smallest  of  its  globules  were 
larger  than  the  largest  of  those  belonging  to  the  animal  in  question,  or 
vice  versa.  The  limits  of  this  variation  have  been  tolerably  well  de- 
fined for  human  blood,  l)ut  not  sufficiently  so  for  many  of  the  lower 
animals  to  make  an  absolute  distinction  possible. 

*  Monthly  Microscopical  Journal.     London,  September  1,  1874,  p.  140. 
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In  the  examinnlion  of  stains  or  blood  kjkjIh,  the  difficulty  is  increased 

^b}•  the  fact  that  the  dryinp  and  suhsc^queut  moisteninjir  of  the  globules 
introduces  another  element  of  uncertainty  as  to  their  original  size. 
Physiolorjtr'al  Fiinrtion  of  the  Bed  Gtobules. — The  red  globules  of 
the  blood  serve  muinly  as  carriers  of   oxygen.     The  readiness  with 
phich  they  absorb  this  subntance  from  the  atmosphere,  and  their  changes 
t>f  color  depending  upon  its  supply  or  withdrawal,  indicate  that  they 
have  a  s{>ecial  relation  to  its  introduction  and  distribution  in  the  body. 
As  a  rule,  in  animals  where  the  red  globules  arc  of  large  size  and  few 
in  number,  the  activity  of  the  vital  functions  is  below  the  average;  while 
in  the  species  where  they  are  smaller  and  more  numerous,  the  processes 
of  respiration,  circulation,  nutrition,  and  movement  are  increased  in 
rapidity  to  a  similar  degree.     The  strongly  nnirkcd  physical  and  chemi- 
H      cal  characters  of  the  red  globules  corresi>ond  with  their  importAnue  in 
^L      the  functions  of  vitality. 

^^^  Wliite  Olohules  of  the  Blood. 

^^^"  Beside  the  red  globules  the  blood  contains  other  cellular  bodies,  diflFer- 
H^  ing  from  the  former  in  several  important  particulars.  These  are  the 
tthUf  globulea.  As  their  name  implifs,  they  are  destitute  of  coloring 
mutter,  but  they  present,  under  the  niifToscope,  a  glistening  appearance, 
ttod  when  collect-ed  in  large  quantity  may  give  to  the  fluid  or  clot  which 
contains  them  a  whitish  hue.  They  are  much  less  abundant  than  the 
rt<l  globulus,  the  average  proportion  in  human  blood  being  one  white 
globule  to  300  red.  They  are  nearly  spherical  in  foriu,  and,  on  the 
•verage,  1 1  mmm,  in  diameter.  They  are,  accordingly,  in  human  blood, 
distinctly  larger  than  the  red  globules.  (Fig.  43,  e.)  They  consist  of 
m  soft,  somewhat  viscid,  finely  granular  substance,  containing  one,  two. 
or  three  ovoid  nuclei.  They  are  less  yi<'lding  and  slippery  than  the  red 
globules,  and  adhere  more  readily  to  surfaces  with  which  they  are  in 
contiiet.  When  a  little  watery  fluid  is  added  to  a  drop  of  blood  under 
examination,  the  red  globules  will  Ik;  Lurried  away  by  the  currents  pro- 
duced, while  the  whitt?  globules  lag  l>ehind,  and,  if  the  irrigation  lie  con- 
tinued, may  tinaliy  be  left  alone  in  the  (ield  of  Ihe  microscope.  Their 
transparency  is  such  that,  when  slowly  rolling  over  with  the  current, 
the  granules  in  their  interior  may  often  be  seen  to  rotate  past  each  other, 
with  the  motion  of  the  globule.  The  nuclei  are  sometimes  visible  in  the 
fresh  globule,  but  may  always  lie  brought  into  view  by  the  addition  of 
water  or  of  dilute  acetic  acid.  These  fluids  cause  a  slight  swelling  of  Ihe 
globule  and  an  increase  of  its  transparency,  by  which  the  nuclei  become 
perceptible  as  sharply  «leiint<!  ovoid  or  vesicular  bodies,  near  the  cimtral 
part  of  the  mass.  By  tin-  prolonged  action  of  acetic  acid,  a  portion  of 
the  cell  substance  becomes  condensed  about  the  nuclei  in  various  irregu- 
Inr  forms,  while  the  remainder  appears  transparent  and  homogeneous, 
with  a  delicate  circular  outline.  The  final  eftect  of  both  water  and  acetic 
arid  is  to  disintegrate  the  white  globules  and  cause  their  disappearance. 
Dilute  alkalies  dissolve  theiu  with  great  readiness. 
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Amoeboid  Movement  of  the  White  Olobulea. — This  movement  is  so 
called  from  its  resemblance  to  those  of  Am^ba,  a  minute  animal  form, 

of  simple  organization,  living  in 
^®'^'  fresh -water  pools  and  ditches. 

It  is  never  perceptible  while  the 
blood  is  circulating  normally 
in  the  blood-vessels,  where  the 
white  globules  always  present 
a  rounded  and  uniformly  granu- 
lar appearance  But  soon  after 
the  blood  has  been  withdrawn, 
if  maintained  at  or  near  its  nor- 
mal temperature,  the  white  glob- 
ules may  be  seen  to  alter  their 
shape  in  a  remarkable  way  A 
portion  of  the  rounded  outline 
of  the  globule  first  becomes  faint 
and  irregular,  flattening  out  and 
extending  itself  into  one  or  more 
transparent,  homogeneous-look- 
ing prolongations.  These  prolongations  are  alternately  protruded  and 
retracted,  sometimes  extending  into  long  filamentous  processes,  some- 
times into  shorter  expansions  with  rounded  ends.  The  variations  in 
form  thus  produced  succeed  each  other  with  difierent  degrees  of  rapidity, 
according  to  circumstances.  lu  man  and  the  warm-blooded  animals, 
the  blood  requires  to  be  kept  at  about  the  temperature  of  the  living 
body,  in  order  that  these  appearances  may  be  exhibited;  but  in  the 
cold-blooded  animals  they  may  be  shown  at  the  ordinary  temperature 
of  the  air. 

Beside  these  changes  of  form,  the  white  globules  of  the  blood  may 
sometimes  be  seen,  by  a  similar  mechanism,  to  move  from  place  to 
place.  In  these  cases,  the  globule  first  sends  out  the  pale  prolonga- 
tions above  described.    The  granules  of  the  remaining  portion  are  then 

Vu\.  49. 


White  Ulobulks  of  Human  Blood  ;  altered  by 
dilute  acetic  acid. 


Changes  in  Form  of  a  White  Uu)OI>-Ulobulk  uf  tlie  Xuwt  (Triton  miUepunciat%u\,  occurring  in 
an  interval  of  seven  minutes,  and  within  half  an  hour  after  its  extraction  ttom  the  living  body. 

propelled,  by  a  kind  of  flowing  movement,  into  the  prolongations, 
which  thus  become  granular,  and  at  the  same  time  assume  a  more 
rounded  form.     The  remaining  portion  is  subsequently  drawn  after 
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viously  expanded ;  and  by  a  continuance  of  this 
process  the  whole  mass  makes  a  slow  progression  across  the  field  of 
the  tnicroBCope. 

These  movements  are  accomplished,  like  thoae  of  the  amoeba,  by  local 

iDtractione  and  relaxations  of  the  substance  of  the  globule.  In  AuicDba 
princeps  the  movement  of  profession  maj"  take  place  at  the  rate  of  13 
micro-millimetres  per  minute,  and  in  some  gelotinouH  animalcules  it  is 
»o  active  that  it  may  be  followed  continuously  by  the  eye.  But  the 
movement  of  the  white  globules  of  the  blood  is  much  more  slowly 
performed,  and,  like  that  of  the  hour-hand  of  a  clock,  is  to  bo  distin- 
guished only  by  noting  their  change  of  position  after  a  certain  time. 
The  white  globules  of  the  frog,  on  the  free  surface  of  the  mesentery, 
may  move  at  a  rate,  as  measured  by  the  micrometer,  of  13  micro- 
millimetres  per  minute ;  and  similar  granular  corpuscles,  in  the  con- 
nective ti<isue  of  the  mer^enlery,  may  progress  at  the  ratt-  of  3.5  micro- 
millimetres  in  the  same  time.  Certain  cells  in  the  frog's  cornea,  regarded 
by  some  observers  as  identical  with  the  white  globules  of  the  blood, 
may  change  their  position  in  the  cornea  at  the  rate  of  2.5  micro-milli- 
metres  per  minute. 

The  amoeboid  movement  is  sometimes  seen  in  the  interior  of  the 

capillary  blood-vessels  or  amall  veins,  when  the  globules  are  imprisoned 

in  a  stagnant  portion  of  the  blood-plasma.     But  if  the  circulation  be 

reestabli.shed,  a.*'  the  gloljuK'.s  again  move  with  the  Mood  current,  they 

to  be  distorted,  and  resuut*'  their  rounded  form. 

The  physiological  projx-rties  and  functions  of  tho  white  coqiuscles 
are  not  .*o  distinct  a>*  those  of  the  red  globules.    Their  great  inferiority 

■  in  nnmlHT  shows  that  they  are  less  important  for  the  immediate  con- 
tinuance of  the  vital  operations;  and  the  same  thing  may  be  inferred 
firom  their  want  of  strongly  marked  specific  characters.     For  while  the 

■  r«i  globules  of  the  blood  vary  in  appearance  to  a  marked  degree  in  dif- 
ferent classcH,  orders,  and  families,  the  Avhite  globules  present  nearly 
the  same  general  features  of  size,  form,  and  structure  throughout  the 

L series  of  vertebrate  animals. 
Plasma  of  the  Blood. 
The  plasma  is  a  transparent.  loJorlrss,  homogeneous  liquid,  in  which 
the  blood-globules  are  su^ppuded.    It  consists  of  water,  holding  in  solu- 
tion mineral  salts  and  albuminous  matterB,  with  various  crystallizable 
in1>stance8  of  organic  origin.     Itn  albuminous  matters  are  the  niofit 
abundant  and  important  of  its  solid  ingredients.     Its  average  cotupo- 
most  careful  estimates,  is  as  follows: 


:ording 


OoMi'oairmx  ok  the  Bloou-Plasma. 


Water    . 
Albuiueu 
Paraglobviline 
Filtrinu^'on     . 
Fatly  matters 


902.00 

sa.oo 

22,00 
3.00 
2.60 


Mineral  salts  8.50 
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Crystallizable  nitrogenous  matters  ....  4-.00 

Other  organic  ingredients 5.00 

Sodium  chloride 

Potassium  chloride 

Sodium  carbonate 

Sodium  and  potassium  sulphates 

Sodium  and  i)otassium  phosphates 

Lime  and  magnesium  phosphates 

1000.00 

'Of  these  substances,  albumen  no  doubt  holds  the  first  place  in  regard 
to  nutrition,  as  it  presents,  in  a  high  degree,  the  character  of  a  nutritious 
material.  It,  in  all  probability,  supplies  the  greater  part  of  the  nitro- 
genous ingredients  of  the  tissues,  and  provides  for  their  daily  nourish- 
ment and  renovation.  In  this  process  it  must  suifer  a  variety  of  trans- 
formations, by  which  it  is  converted  into  the  different  albumenoid  mat- 
ters characteristic  of  muscular,  nervous,  glandular,  and  other  structures 
throughout  the  body. 

The  ingredient  next  in  abundance  ia  paraglobuHne,  the  average  quan- 
tity of  which  is  about  one-half  that  of  the  albumen.  It  is  closely  allied 
to  albumen  in  its  chemical  relations,  and  no  doubt  also  in  its  physiolog- 
ical action ;  and  it  is  possible  that  cither  one  of  these  substances  may 
be  an  intermediate  stage  of  production  or  metamorphosis  of  the  other. 
The  principal  distinction  between  them  is  that  paraglobuline  may  be 
thrown  down  by  the  addition  of  sodium  chloride  in  excess,  or  by  passing^ 
through  the  diluted  blood-serum  a  stream  of  carbonic  acid,  neither  of 
which  agents  has  any  effect  on  albumen.  As  both  substances  are  coag^ 
ulable  by  heat,  they  are  solidified  together  on  raising  the  blood-serum  to 
a  temperature  of  72'^  C. 

The  fibrinogen  of  the  plasma  is  the  substance  which  produces  the 
solid  fibrine  of  coagulated  blood.  It  is  difficult  to  obtain  in  the  fluid 
condition,  owing  to  the  rapidity  with  which  it  coagulates  when  blood 
is  withdrawn  from  the  circulation.  It  is  usually  separated,  in  the  form 
of  coagulated  fibrine,  by  stirring  freshly-drawn  blood  with  glass  rods  or 
a  bundle  of  twigs,  when  the  fibrine  solidifies  in  thin  layers  on  their 
surface.  It  at  first  contains,  entangled  with  it,  some  of  the  red  glob- 
ules with  their  coloring  matter ;  but  these  and  other  foreign  substances 
may  be  removed  by  immersing  it  for  a  few  hours  in  running  water. 
It  is  then  a  mass  of  nearly  white  threads  and  flakes,  of  semi-solid  con- 
sistency, and  having  a  considerable  degree  of  elasticity. 

Examined  in  thin  layers,  it  has  a  fibroid  or  filamentous  texture.  Its 
filaments  are  colorless  and  elastic,  and  not  more  than  0.5  mmm.  in  diam- 
eter. They  lie,  for  the  most  part,  parallel  with  each  other,  and  this  is 
probably  their  arrangement  throughout  in  the  undisturbed  fibrinous 
layer;  but  when  torn  up  for  mieroseopic  examination,  they  are  in 
many  spots  interlaced  with  each  other  in  an  irregular  network.  In 
dilute  acetic  acid  they  become  swollen,  transparent,  and  fused  into  a 
homogeneous  mass,  but  do  not  dissolve.     They  are  often  interspersed 
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flh  minute  granules,  which  render  their  outlines  more  or  less  ob- 
scure. 

Once  coagulated,  fibrino  is  iiifioliiltk'  in  water,  and  can  only  be  again 
liquefied  by  the  action  of  an  alkalin**  or  strongly  saline  solution,  by  pro- 
loD^d  Iwilinjr  at  a  very  high  temperature,  or  by  digesting  with  gastric 
juice  or  an  acidulated  solution  of  pepsine.  These  agents,  however,  pro- 
duce a  permanent  alteration  in  its  properties,  so  that  it  is  no  longer  the 

me  substance  as  before. 

The  quantity  of  fihriue  obtainable  from  the  blood  varies  in  different 
|iarts  of  the  Iwdy.      According  to  'most  observers,*  venous  blood  in 

?neral  yields  less  fibrine  than  arterial  blood.  In  the  liver  and  the 
idncys  its  disappearaucfi  is  so  complete  that  little  or  none  is  to  be 
obtnined  from  the  blood  of  the  renal  and  hepatic  veins.  On  this 
account,  the  blood  in  the  large  veins  near  the  heart  ia  more  deficient 
in  fibrine  than  in  those  at  a  distance;  since  the  venous  blood  com- 
inj^  from  the  general  circulation,  and  containing  a  moderate  quantity, 
is  mingled,  on  approaching  the  heart,  with  that  of  the  renal  and  hepatic 
veins,  in  which  it  is  nearly  or  entirely  absent. 

A  certain  quantity  of  peptone  is  also  foumi  in  the  plasma,  derived 
from  the  products  of  digestion.  Its  quantity,  according  to  Robin, 
varieg  from  1  to  4  parts  per  thousand.  As  it  is  absorbed  from  the 
intestine,  and  neither  accuiiiulute.s  in  the  plasma  nor  appears  in  any  of 
the  e.tcretions.  it  is  no  iloubl  transformed  into  some  other  substance 
after  ita  entrance  into  the  blood. 

The  fatty  mattf^rH  of  the  blood  are  in  largest  quantity  soon  after  the 
digestion  of  food  rich  in  oleaginous  .substances.  At  that  period,  the 
cinnl«ioned  fat  finds  its  way  into  the  blood,  and  circulates  for  a  time 
unchanged  ;  comntunicating  to  the  siTum,  when  very  abundant,  a  turbid 
or  whitish  appearance.  After\\ard  it  gradually  disappears  from  the 
?irt'ulation,  being  either  deposited  in  the  fatty  tissues  or  transformed 
into  other  products  of  assimilation. 

The  mineral  salts  of  the  plasma  are  principally  sodium  and  potAS* 
nuui  chhirides,  phosphates,  and  sulphates,  together  with  lime  and  mag- 
nesium phosphates.  Of  these  the  sodium  chloride  is  the  most  abundanti 
constituting  nearly  40  per  cent,  of  all  the  saline  ingredients.  The 
fiodium  and  potassium  phosphates  are  important  for  the  alkalescence 
of  the  blood -plasma,  a  proiwrty  which  is  essential  t^  the  functions  of 
nutrition,  and  even  to  the  immediate  continuance  of  life ;  since  it 
enables  the  plasma  to  absorb  carbonic  acid  in  the  capillary  eirculft- 
tion,  nnd  return  it  to  the  lungs  for  elimination.  The  alkaline  carbon- 
ates alao  take  part  in  the  production  of  this  alkalescence,  and  in  the 
berbivorous  animals  are  its  principal  cause ;  while  in  the  carnivora  the 
phosphates  are  more  important  in  this  respect  In  man,  under  an  ordi- 
nary mixed  diet,  both  the  phosphates  and  carbonates  are  present  in 
varying  proportion. 


•Robin,  Le9on8  iHif  lea  Hutueurt.     PariK,  1874,  pp.  137,  140,  172. 
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The  earthy  phosphates  of  the  plasma,  which  by  themselves  are  insol* 
uble  in  alkaliin'  or  tioutral  fluids,  are  held  in  solution  in  the  blood  by 
union  with  its  albiuuiuous  ingredients. 

Coagulation  of  the  Blood. 

Within  a  few  momentn  after  blood  has  l)een  withdrawn  from  tl 
vessels,  it  presents  the  remarkable  phenomenon  of  coagulation  or  clot 
ting.     This  process  eommenres  at  nearly  the  same  time  throughout  tl 
whole  ma.s.'?,  which  becomes  first  somewhat  diminished  in  fluidity,  -s" 
that  its  surface  may  be  gently  depressed  with  the  end  of  the  finjt 
or  a  glass  rod.     It  then  becomes  rapidly  thicker,  and  at  la.st  solidilic 
into  a  uniformly  red,  opaqut*,  gelatinous  mass,  which  takes  the  fori 
of  the  vessel  in  which  the  blood  was  contained.     Coagulation  usually 
commences,  in  man,  iu  from  ten  to  twelve  minutes  after  the  blooii 
has  been  drawn,  and  is  completed  in  about  twenty  minutes.     In  naoa 
animals,  it  is  more  rapid  tbuii  this,  taking  place  in  the  dog,  ox,  an( 
ehoep  often  within  five  minutes.     In  the  horse,  on  the  other  hand,  it  ia 
exceptionally  slow,  requiring  a,  longer  time  than  in  man.  ^^ 

The  coagulation  of  the  blood  is  dejwndent  on  the  presence  of  it^" 
fibrine-producing  ingredient.  This  may  be  demonstrated  in  vorious 
ways.  First,  if  freshly  drawn  trog's  blood  be  nii.\ed  with  a  solution 
of  sugar  of  one-half  jicr  cent.,  and  placed  on  a  filter,  the  blood-glob- 
ules will  be  retained ;  and  the  transparent  colorless  filtered  fluid  after 
a  time  eoagulales  like  fresh  blood.  Secondly,  if  horse's  blood,  whicl 
coagulates  .slowly,  be  drawn  from  the  veins  into  a  cylindrical  vess( 
and  allowed  to  remain  at  rest,  by  the  time  coagulation  takes  place  tl 
blood-globules  will  have  (mrtially  subnided,  leaving  at  the  surface 
layer  which  is  colorless  and  semi-transparent,  but  as  firmly  coagulate 
as  the  rest.  Thirdly,  if  horse's  blood,  freshly  drawn  into  such  a  vessel, 
be  surrounded  by  a  freezing  mi.\ture,  and  kept  at  the  temperature  ol 
0°  C,  coagulation  is  suspended,  and  the  globules  sink  towards  the  bot- 
tom, leaving  a  cidorless  fluid  above.  If  this  be  removed  by  decantatioi 
and  allowed  to  rise  in  temperutare  a  few  degrees,  it  coagulates  like  free 
blood. 

These   facts  show  that  the   biood-globules  take  no  direct  part 
coagulation ;   and  that,  when  present,  they  are   simply  entangled  in 
the  solidifying  clot. 

Finally,  if  the  freshly  drawn  blood  of  man,  or  of  any  warm-blooded 
animal,  be  Btirred  with  a  bundle  of  twigs  or  glass  rods,  the  Bbrine 
coagulates  in  comparatively  small  mass  on  the  surface  of  the  foreign 
bodies;  and  the  globules  entangled  in  it  may  be  washed  out  with- 
out changing  its  e.ssL'utial  eharact.er. 

It  is  the  fibrinogen,  therefore,  which,  by  its  coagulation^  induces  tl 
solidiBcation  of  the  entire  blood.    As  it  is  uniformly  distributed  througl 
out,  when  coagulation  takes  place  its  filaments  entangle  in  their  meshes^ 
the  globules  and  allmnitnous  fluids  ejf  the  plasma,     A  very  small  quan- 
tity of  fibrine  is  sufficient  to  include  in  its  sulidification  alt  the  fluid  and 
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-fluid  inpredientff  of  the  blood,  and  to  convert  the  whole  into  a 

r-like,  coagulated  mass. 

As  soon  as  the  coagulum  is  formed,  it  bej?ios  to  contract,  increasing 

in  consist-ency  as  It  diminishes  in  size.     By  this  means  the  albuminous 

liquid!^  art*  pressed  out  from  the  meshes  in  which  they  were  entang'led. 

They  first  exude  upon  the  surface  as  isolated  drops,  which  soon  inerease 

tin  size  and  number.  After  a  time  they  coaletw^e  in  all  directions,  until 
the  whole  surface  is  covered  with  fluid.  The  clot  at  first  adheres  closely 
to  the  sides  of  the  vessel*,  but  as  contraction  goes  on,  it  separates,  and 
fluid  exudes  Ix-tween  it  and  the  ves-sel.  This  continues  for  ten  or  twelve 
Khoors ;  the  clot  growing  constantly  smaller  and  firmer,  and  the  expressed 
^  fluid  more  abundant. 

The  globules,  owing  to  their  greater  consistency,  do  not  escape  with 

I  the  albaruiuous  fluids,  but  reuuiin  entaugled  in  the  coagulum.  At  the 
end  of  twelve  hours  the  blood  is  completely  separated  into  two  parts, 
namely,  the  clot,  a  red,  opaque,  serai-solid  mass,  consisting  of  fihrine 
and  blood-globules;  and  the  aerum,  a  transparent,  nearly  colorless  fluid, 
containing  the  watery,  albuminous,  and  saline  matters  of  the  plasma. 
The  change  of  the  blood  in  coagulation  may  be  expressed  as  follows  : 


Before  coagulation  it  consists  of 
l»t.  GLOBtrus ;  and  2d.  Plasma— containing 

After  coagulation  it  is  separated  into 

,  .  -,  .  .       (Fibrineand         .  „j  c.  ^  ■  • 

at.  Clot,  contommK  i  r-\  \    ],  .      &i^d  2d.  SsRim,  coDtainuig 


Fibrinogen, 

Albumen, 

ParagloLoline, 

Water, 

Salts. 

Albumen, 
Paraglobuline, 
Water, 
Salts. 


Conditions  favoring  or  retarding  Coagulation. — The  coagulation  of 
bbod  is  influenced  by  various  physical  conditions.  In  the  first  place. 
It  is  suspended  by  a  freezing  t*'nii>erature.  If  blood  be  drawn  into  a 
narrow  vessel  surroundt'd  by  a  freezing  mixture,  and  rapidlv  cooled 
down  to  0^  C,  coagulation  does  not  occur,  and  the  blood  remains  fluid 
io  long  as  the  temperature  is  at  this  point. 

Secondly,  coagulation  is  prevented  ]»y  the  presence  of  certain  neutral 
mlts  tn  large  quantity.  If  fresh  I>lr)od  be  allowed  to  mingle  with  a 
concentrated  solution  of  .sodium  sulphate,  no  coagulation  takes  place. 
This  is  not  because  the  cuagulable  njuterial  has  been  destroyed ;  since, 
if  the  mixture  be  diluted  with  six  or  seven  times  its  volume  of  water, 
BO  as  to  reduce  its  concentration,  the  fibrine  solidifies  in  a  few  momenta 
aa  osoal. 
^m  Oottgulation  of  the  blood  may  be  hastened  or  retarded  by  variations 
,  in  the  manner  of  its  withdrawal  from  the  veins,  or  in  the  surfaces  with 
which  it  comes  in  contact.     If  drawn  rapidly  from  a  large  orifice,  it 
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remains  fluid  for  a  comparativelj  long  time ;  if  slowly,  from  a  narrow 
orifice,  it  coagulates  quickly.  The  shape  and  structure  of  the  ve<iiol 
into  which  it  is  received  also  exert  an  influence.  The  greater  the  surface 
over  which  the  blood  conies  in  contact  with  the  vessel,  the  more  is  coajf- 
ulation  hastened.  If  allowed  to  flow  into  a  tall,  narrow,  cylindrical 
vessel,  or  a  shallow  plate,  it  coagulates  more  rapidly  than  if  received 
in  a  hemispherical  bowl,  in  which  the  extent  of  surface  is  less,  in  pro- 
portion to  its  capacity.  For  the  same  reason,  coagulation  takes  place 
sooner  in  a  vepsel  with  roughened  surface  than  in  one  which  is  smooth ; 
and  blood  coagulates  most  rnpidly  when  s]»read  out  in  thin  layers,  or 
entangled  in  cloths  or  sponges,  Ilemarrhago,  accordingh',  continues 
longer  from  an  incised  than  from  a  lacerated  wound  ;  because  the  blood, 
in  flowing  over  the  ragged  edges  of  lacerated  tissues,  solidifies  upon 
thorn,  and  blocks  up  the  orifice. 

In  all  cases  there  is  an  inverse  relation  between  the  rapidity  of  coag- 
ulation and  the  firnuie.ss  of  the  clot.  When  coagulation  takes  placi* 
slowly,  the  clot  becomes  small  and  dense,  and  the  serum  is  abundant. 
When  rapid,  it  is  followed  by  imperfect  contraction  of  the  coagulum, 
and  incomplete  separation  of  the  serum,  and  the  clot  remains  large,  soft, 
and  gelatinous. 

The  blood  coagulates  in  the  interior  of  the  vessels  after  stoppage  of 
the  circulation.  Under  these  circumstances  coagulation  takes  place 
less  rapidly  than  in  blood  withdrawn  from  the  body.  lu  man,  as  a  rule, 
the  blood  is  found  coagulated  in  the  heart  and  large  vessels  from  twelve 
to  twenty-four  hours  after  death.  In  most  animals,  coagulation  occurs 
earlier  than  this,  usually  from  four  to  ten  hours  after  death. 

Coagulation  of  the  blood  takes  place  also  within  the  body,  during 
life,  from  local  arrest  or  impediment  of  the  circulation.  Blood  ex- 
travasated  into  the  connective  tissue,  the  substance  of  an  internal 
organ,  or  a  serous  cavity,  coagulates  after  a  short  time,  and  forms  a  clot 
which  takes  the  shape  of  the  cavity  occupied.  A  ligature,  placed  upon 
an  artery  in  the  living  subject,  produces  coagulation  above  the  ligatured 
spot.  The  clot  extends  from  the  ligature  backward  to  the  next  collateral 
branch,  that  is,  to  the  point  at  which  the  circulation  still  continues.  In 
an  aneurism  the  blood  in  the  dilated  portion  of  the  artery  coagulates  on 
the  inner  surface  of  the  sac.  In  these  cases,  as  ^vell  within  as  outside  the 
body,  and  during  life  as  well  as  after  death,  stoppage  or  retardation  of  the 
circulatory  movement  induces,  after  a  time,  1  he  coagulation  of  the  blood. 

It  is  asserted,  however,  that  simple  stoppage  of  the  local  circulation 
during  life  will  not  induce  coagulation,  unless  the  inner  membrane  of 
the  blood-vessel  be  wounded  or  irritated.  According  to  Burdon  San- 
derson, if  blood  be  imprisoned  in  the  jugular  vein  of  the  rabbit  by 
carefully  compressing  the  vessel  at  two  points  between  transverse  nee- 
dles, so  arranged  as  not  to  wound  or  bruise  the  vascular  coats,  it  will 
remain  fluid  in  this  situation  for  two  days;  while  if  ordinary  ligatures 
be  applied,  a  coagulum  is  formed  in  the  isolated  portion  of  the  vein. 

From  this  it  would  appear  that  some  injury  or  alteration  of  the 
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TTifl<ni!ar  walls  is  an  element  in  the  excitinp  cause  of  coa.ffulatiou. 
It  is  of  cour^  impossible  to  withdraw  blood  from  the  system  without 
inflicting  such  an  injury ;  and  we  know  that  in  cases  of  phlebitis,  coagitla- 
tion  often  takes  place  within  the  affected  veins,  when  the  only  condition 
present  to  explain  it  is  the  inflammatory  alteration  of  the  vascular  walls. 

The  coagulation  of  fibrine  is  not  a  commencement  of  org"anization. 
It  is  simply  the  passage  of  one  of  the  ingredients  of  the  blood  from 
it«  normal  condition  to  a  state  of  solidity.  The  coagulable  matter, 
when  solidified,  has  lost  its  natural  properties  as  a  constituent  of  the 
plasma,  and  they  cannot  afterward  be  restored.  The  clot,  therefore,  once 
frtTTOcd,  even  within  the  body,  as  in  cases  of  ligature,  apoplexy,  or 
extravasation,  becomes  a  foreign  substance,  and  is  absorbed  by  the 
neighboring  parts  during  convalescence.  At  first  it  is  comparatively 
vohiminous,  soft,  and  red.  Its  more  fluid  parts  are  then  taken  up,  and 
it  becomes  smaller  and  denser.  As  absorption  goes  on,  its  coloring 
matter  diminishes,  and  finally  disappears.  The  time  required  for  com- 
plete reabsorption  of  a  clot  varies,  according  to  its  size  and  situation, 
from  a  few  days  to  several  months. 

Nature  of  Coagulation.  —  The  coagulation  of  blood  has  been  the 
subject  of  much  laborious  investigation.  The  difficulty  of  understand- 
ing its  nature  depends  on  the  fact  that  the  blood,  xvhicb  continues  fluid 
under  normal  conditions  while  circulating  in  the  vessels,  solidifies 
promptly  and  inevitably  on  its  withdrawal.  It  is  evident  that  the 
solid  fibrine  which  we  obtain  after  coagulation  is  not  the  material  which 
was  present  beforehand  in  the  blood ;  but  that  it  has  been  produced, 
by  some  alteration,  from  a  preijxisting  fluid  substance.  Any  theory  of 
the  process,  to  be  satisfactory,  must  explain  not  only  the  coagulable 
property  of  the  fibrine-producing  ingredient,  but  also  the  fluidity  of 
the  blood  in  its  natural  condition,  notwithstanding  that  it  contains  a 
material  so  ready  to  assunu-  the  boltd  form.  It  is  unnecessary  to  con- 
sider the  former  theories  of  coagulation,  which  have  now  been  aban- 
doned as  inconsistent  with  known  facte.  It  is  not  due  to  the  cooling 
of  the  blood,  to  the  contact  of  air,  nor  to  the  escape  of  a  gaseous  sol- 
vent ;  since  it  will  occur  in  the  absence  of  all  the;«e  conditions.  Of 
late  years,  the  only  views  on  this  suHyect  which  have  attracted  general 
attention  are  those  of  Penis,  in  which  coagulation  is  explained  by  the 
df»comiK)sition  of  a  previously  existing  substance,  and  those  of  Schmidt, 
which  attribute  it  to  the  union  of  two  substances  previously  distinct. 

According  to  Denis,  the  tilood  contains  an  albuminous  matter. 
t«rnied  **  plasmine,"  in  the  proportion  of  25  parts  per  thousand.  When 
withdrawn  from  the  circulation,  it  seiiarates  into  two  new  substances ; 
namely,  fibrine  (3  parts  per  thousand)  which  coagulates,  and  paraglob- 
uline  (22  parts  per  thousand)  which  remains  tbiid.  The  basis  for  this 
theory  is  that  if  fresh  blood  Ijo  drawn  iuto  a  concentrated  solution  of 
Bodiuffl  sulphate,  to  prevent  its  coagulation,  and  sodium  chloride  be 
added  to  the  mixture  in  the  proportion  of  ten  per  cent.,  it  throws 
down  a  white,  pasty  substance,  which  represents  25  parts  per  thousand 
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of  the  original  plasma.  This  substance  is  the  so-ealled  "plasmine;" 
and  if  redissolved  by  the  addition  of  water,  its  sohition  coagulate*, 
yielding  3  parts  of  a  solid  matter,  like  fibrine,  and  22  parts  of  a  liquid 
substance,  having  the  properties  of  paraglobuline.  The  albumen  of  tJie 
plasma  (53  parts  per  thousand)  remains  in  the  sodium  sulphate  sola- 
tion,  not  having  bpen  precipitated  by  the  addition  of  sodium  chloride. 

This  theory  is  defective,  because  the  material  termed  "  plaamine," 
may  be,  from  the  firat,  a  mixture  of  two  different  subetanees,  one  ooagw 
nlable  arjd  the  other  not  so,  but  both  precipitable  from  the  sodiua 
sulphate  solution  by  sodium  ehloride.  In  that  case,  it  would  nut  faeili- 
tate  the  explanation  of  the  process.  In  point  of  fact  we  know  that  both 
the  fibrinc-producing  substance  and  paraglobuline  may  be  thrown  down 
from  their  solutions  by  the  addition  of  sodium  chloride  in  exce«>*. 

According  to  the  theory  of  Schmidt,  the  coagulable  fibrine  !•;  pro- 
duce<l  by  the  union  of  two  previously  existing  substances,  neither  being 
coagulable  by  itself.  One  of  these  substances  is  fibrinogen,  present  ia 
the  blood  in  small  quantity  ;  the  other  is  paraglobuline,  present  in  large 
quantity.  When  the  fihrinogen,  therefore,  has  all  been  converted  into 
coagulated  tibrine.  there  .still  remains  in  the  si'ruiu  a  surplii.s  of  para- 
globuline, which  may  cause  coagulation  in  other  liquids,  provided  they 
contain  fibrinogen.  The  liquid  usually  employed  to  demonstrate  this 
proi)erty  is  that  of  hydrocele,  which  does  not  coagulate  spontaneously, 
but  may  sometimes  be  made  to  do  so  l)y  the  addition  of  blood-serum. 

It  was  found,  however,  that  both  fibrinogen  and  paraglobuline  might 
be  present  in  a  liquid,  and  yet  fail  to  produce  coagulation.  The  author* 
of  the  theory  therefore  recognized  the  existence  of  a  third  substance, 
the  "  fibrine  ferment,"  which  wa.s  essentiul  to  induce  the  combination 
of  the  other  two.  According  to  this  view,  fibrinogen  and  paraglobuline 
both  exist  in  the  blood  while  circulating  in  the  veeseb :  and.  when  they 
unite,  supply  the  material  for  the  coagulated  fibrine.  But  the  ferment 
which  exoites  their  combination  only  appi-ars  in  the  blood  during  or 
after  its  withdrawiil.  It  may  then  be  extracted  by  the  process  already 
described  (p.  87). 

There  is  no  doubt  in  regard  to  the  existence  and  character  of  the 
fibrine- ferment.  Its  mode  of  operation  is  analogous  to  that  of  other 
organic  ferments.  In  the  first  place  it  acts  in  very  small  quantity  in 
proportion  to  the  amount  of  coagulation  producetl.  Secondly,  its  action 
is  confined  within  certain  limits  of  temperature,  being  retarded  by  cold, 
and  permanently  arreslrd  by  the  heat  of  boiling  water.  Thirdly, 
though  jtri'cipitable  by  alcohol,  it  is  not  destroyed  by  this  substance, 
but  after  precipitation  may  be  redissolved  in  water,  with  its  properties 
unchanged.  Fourthly,  after  inducing  coagulation,  it  still  remains  in 
the  fluid  separated  by  filtration,  and  may  be  again  repeatedly  used  for 
the  same  purpose,  with  only  a  very  alow  diminution  of  its  a«'tivity. 
This  shows  that  it  does  not  contribute  by  its  substance  to  the  coagu* 
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d  fibrioe,  being  efficient  rather  by  its  presence,  after  the  manner 

the  ferments. 

But  there  ia  reason  to  bilieve  that  the  fihrine-fornient,  in  inducing 
coagulation,  acts  only  on  the  fibrinogen,  and  that  para^lobuliue  takes 
no  port  in  the  process.  Accordinfr  to  Fredericq*  the  quantity  of  fibrine 
obtainable  from  a  solution  of  fibrinogen  of  known  strength,  is  never 
greater  than  that  of  the  fibrinogen  itself,  coagulated  by  heat.  This 
would  indicate  that  the  fibrinogen  alone  supplies  the  material  of  the 

gulated  fibrine,  by  a  moleeuhir  change  in  its  own  substance,  like  the 
ine  of  milk  when  coagulated  \>y  rwnnnt.  Haniniarfitenf  has  further- 
inort>  sati.sfied  himself  that  when  solutions  of  paraglobuline  induce 
coagulation  in  liquids  containing  fibrinogen,  they  owe  this  property  to 
&mall  quantities  of  ferment  with  which  thoy  are  contaminated;  and  by 
UAing  special  precautions  in  their  purification,  he  ha.s  found  that  .-^lolu- 
tiousj  of  fibrinogen  will  coagulate  completely  on  the  addition  of  the  fer- 
ment, when  neither  liquid  contains  any  trace  of  paraglobuline,  hemo- 
globine,  or  gerum-albumen. 

The  coagulation  of  fibrinogen  is,  therefore,  withoat  doubt  due  to  the 
action  of  a  fernjent.  The  fibrinogen,  as  it  exists  in  the  circulating 
blood,  is  not  coagulable;  and  it  becomes  so  only  by  contact  with  the 
Bubstaoce  which  produces  its  alteration.  The  only  remaining  question 
b  in  regard  to  the  source  of  this  ferment,  when  blood  is  withdrawn  from 
the  vessels  or  coagulates  in  their  interior.  The  evidence  appears  to 
show  that  it  comes  from  the  divided  or  injured  vascular  coats,  or  from 
the  interstitial  spaces  Ix'vond.  The  minute  quantity  necessary  to  effect 
ooAgulation  may  l>e  exuded  from  a  wounded  surface,  however  small ; 
and  after  death  it  may  slowly  transude  through  the  membranee,  like 
the  coloring  matters  and  .serous  fluids  of  the  body.  But  the  place  and 
mode  of  its  production  can  hardly  be  determined  with  certainty,  until 
it«  composition  and  physical  propertic*  are  fully  known. 

Use/uhieti^  of  Coagulation. — Althou^'h  the  coagulating  material  of 
the  blood,  owing  to  its  small  quantity,  does  not  seem  to  take  a  large 
ebare  in  nutrition,  it  is  still  an  important  ingredient  of  the  circulating 
fluid.  It  is  this  substance  which  eflects  the  arrest  of  hemorrhage  from 
divided  or  ruptured  blood-vessels.  Whenever  a  wound  is  made  in 
vaacular  tissues,  the  blood  at  first  flows  freely  from  the  external  orifice. 
But  a  portion  soon  coagulates  on  the  edges  of  the  wound,  and  after  a 
time  its  successive  deposits  obstruct  the  orifice,  and  prevent  further 
hemorrhage.  For  wounds  of  modern te  size,  in  which  only  veins  and 
capillaries,  or  small  arteries,  have  l)een  divided,  it  is  sufficient  to  com- 
press the  wound  and  to  keep  its  edges  in  contact  for  fifteen  or  twenty 
minutes.  By  this  time  the  thin  layer  of  blood  between  the  wounded 
surfaces  has  coagulated,  and  when  compression  is  removed  hemorrhage 
does  not  reappear.  If  a  large  artery  be  opened,  the  force  with  which 
the  blood  ia  expelled  prevents  local  coagi^ation,  or  may  detach  the 
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coagnia  after  they  are  formed.     In  such  eases  the  surgeon  places 
ligature   upon  the  wounded   artery,  and   in    this   way   controls  the 
hemorrhage.     But  the  ligature  is  only  a  means  of  applying  comprea 
sion  for  a  longer  time>  and  is  still  temporary,  as  it  must  finally  cot 
away  by  ulceration  through  the  coats  of  the  vessel.     The  essential  «iM 
stacle  to  the  flow  of  blood  in  a  ligatured  artery  is  the  coagulum  fomit 
in  the  vessel  behind  the  ligature;  which,  when  the  ligature  is  detachc 
by  ulceration,  has  Ijecome  sufficiently  dense  and  adherent  to  reaist  tl 
impulse  of  the  blood. 

The  importance  of  coagulation  in  this  respect  is  shown  by  the  diffi- 
culties which  follow  where  it  is  deficieut.  In  some  cases  of  the  ligature.^, 
of  large  arteries,  in  patients  exhausted  by  injury  or  loss  of  blood,  whe^H 
the  ligature  comes  away  the  bleeding  begins  again,  no  internal  clot 
having  been  formed;  and  a  second  ligature,  applied  above  the  situation 
of  the  former  one,  is  again  followed  by  secondary  hemorrhage.  In 
certain  persons  there  appears  to  bt>  a  congenital  deficiency  of  tl 
coagulating  ingreditot  of  the  blood,  a  peoulinrity  sometimes  observe 
in  several  members  of  the  snnir  family ;  and  in  these  cases,  any  sligl: 
wound,  or  trivial  surgical  operation,  may  be  followed  by  long-continnc 
or  fatal  hemorrhage. 

Entire    Quanfiii/  of  Blood  in  the  Bodij. — The   estimation  of  tl 
quantity  of  blood  in  the  living  body  is  surrounded  with  diflieultiefl 
The  earliest  and  simplest  method  adopted  was  by  suddenly  dividin| 
all  the  ve.ssels  of  the  neck  in  a  living  animal  and  collecting  the  bh 
which  escaiied.     But  this  method  is  faulty,  since  the  Qow  of  blc 
ceases,  in  such  an  experiment,  not  becausn  tho  whole  of  it  has  b 
discharged,  but  because  coagula  have  formed  about  the  divided  vessel 
and  because  the  heart's  action  begins  to  fail  before  the  vascular  syst«i 
is  empty.    A  certain  quantity  of  blood  always  remains  in  the  body  nftef' 
death  by  hemorrhage  ;  amounting  sometimes  to  over  26  per  rent,  of  the 
entire  mass.     The  animal  therefore  dies  Ijelbre  he  has  lost  quite  thre^ 
fourths  of  the  circulating  fluid. 

Of  the  other  methods  which  have  been  adopted  there  are  none  abso- 
lutely free   from    possible   sources   of    error.     The  VK«Bt  are  those  b] 
which,  after  all  the  blood  is  discharged  which  esca]>e8  spontAneouslj 
from  divided  vt-ssi-ls,  the  circulutory  system  is  injected  with  a  wei 
saline  solution,  until  the  fluid,  after  traversing  the  vascular  ehanneh 
returns   colorless.     The  quantity  of  blood    thus  washed  out  is  thei 
ascertained  by  comparing  the  fluid  of  injection  with  a  watery  dilution 
of  blood  of  known  strength. 

The  most  accurate  process  is  that  employed  by  Steinberg,*  who,  aft« 
blpedinc  the  animal  to  deaili,  injected  the  aorta  with  a  watery  solutioi 
of  sodium  chloride,  of  one-hulf  per  cent.,  until  the  fluid  of  injection  re 
turned  colorless.  Tla-  whole  of  it  beinsr  theu  mingled,  the  hemoglobinf 
which  it  contained  was  determined  as  follows  by  the  spectroscopic  teet; 
Equal  quantities  of  pure  blood,  in  two  similar  tost-tulws,  were  dilutee 

*  Archiv  fur  die  geHAmmte  Physiologie.    lioiiu,  1473,  Band  vii.,  p.  101. 
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one  of  them  with  pure  water,  the  other  with  thi*  fluid  of  injection,  until 
each,  placed  >>eforo  the  slit  of  the  epectroscope,  just  allowed  the  green 
li^ht  of  the  spectrum  to  be  visible.  From  the  relative  quantities  of  the 
two  liquidti  needed  to  produce  this  result,  the  nniount  of  hemogloMne, 
and  consequently  of  blood,  extracted  by  the  injection  could  be  calculated. 
This  quantity,  added  to  that  which  had  e^caj>ed  ppoutaneoualy  from 
the  vessels,  pave  the  entin-  amount  uf  blood,  as  follows : 

QTTASrmf  OF  Blood,  as  CoMPAUKn  wirn  tttb  Bodily  Wkight. 
In  DoL's,  from  8.00  to  8.98  i)or  cent. 

"  Onts,  "      8,40  "  9.61        " 

"  Guinfin-pifrs,  *•     8.13  "  «.88       " 

"  Rabbits,  "     7.50  "  8.13       " 

There  is  evidence  that  the  quantity  of  blood  variee  in  the  same 
Imal,  according  to  varioui?  bodily  conditions,  and  especially  the 
sstive  process.  Steinberg  found  that  in  the  cat,  while  fasting,  the 
percentage  of  Tilood  was  reduced  from  8.40  to  5.61  per  cent.  Ber- 
nard* obfserved  that  if  two  animals  of  the  same  weight,  one  in  full 
difrestioM  and  the  other  fasting,  be  suddenly  decapitated,  the  quantity 
of  blood  discharged  from  the  former  is  greater  than  that  from  the 
latter.  lie  has  also  shown  that,  in  a  rabbit  during  digestion,  twice  as 
mnch  blood  can  be  withdrawn  without  causing  death,  as  in  one  of  the 
game  weight  in  the  fasting  condition.  The  volume  of  blood  in  the  >>ody 
fluctuates,  therefore,  within  certain  limits,  with  the  introduction  of 
DTitritious  matter  by  digestion  and  its  oxpendituro  during  the  interval. 
The  most  .•satisfactory  determination  of  the  quantity  of  blood  in  man 
is  that  by  Weber  and  Lehmnnn.f  These  observers  operated  on  two 
criiuinalB  executed  by  decapitation  ;  the  methods  and  results  being 
essentially  the  same  in  both.  In  one  case,  the  bodj^  weighed  before 
decapitation  60.14  kilogrammes;  and  the  blood  which  escaped  sponta- 
neously amounted  to  5540  grammes.  To  estimate  the  quantity  remain- 
ing in  the  vessels,  the  experimenters  injected  the  arteries  of  the  head 
trunk  with  water  until  it  rottirned  from  the  veins  of  a  pale  red 
yellow  color,  collected  the  fluid  thus  returned,  and  ascertained  the 
amount  of  its  solid  matter.     'The  result  was  as  follows : 


Blood  which  e}icapt'<l  from  the  v»>iS9el9 
'•  renirtlned  in  tho  bodv 


5540  grammes. 
IflflO       •' 


Entire  quantity,    .        .         7520       " 

'he  blood,  accordingly,  amounted  during  life  to  12.54  per  cent,  of  the 
bodily  weight.  Bischoff.  in  a  similar  observation,  in  1855.  found  it 
only  about  8  per  cent.  As  in  Steinberg's  experiments  the  quantity  of 
blood  in  the  cat  also  varied  by  50  per  cent,  above  the  minimum,  it 
will  probably  be  near  the  truth  to  estimate  its  average  quantity  in  the 
human  subject  at  about  10  per  cent,  of  the  bodily  weight ;  and  a  man 
weighing  65  kilogrammes  (143  pounds  avoirdupois)  would  therefore 
have  6500  grammes,  or  a  little  over  14  pounds  of  blood. 

*Le9ons  sur  lea  Liquides  de  I'Organisiue.     Paris,  1R.55».  tome  i.,  p.  419. 
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CHAPTER  IV. 
RESPIRATION. 

THE  most  constant  phenomenon  presented  by  living  organisms,  both 
animal  and  vegetable,  is  the  absorption  of  oxygen.  This  sub- 
stance, either  in  the  gaseous  form  as  a  constituent  of  the  atmosphere, 
or  dissolved  in  water  or  other  liquids,  is  indispensably  requisite  for  the 
manifestation  of  vital  phenomena.  Oxygen  is  diffused  everywhere 
over  the  surface  of  the  earth,  forming  rather  more  than  one-fifth  part 
of  the  volume  of  the  atmosphere,  and  exists  in  solution  in  greater  or 
less  abundance  in  the  water  of  springs,  rivers,  lakes,  and  seas.  Animals 
and  plants,  accordingly,  whether  living  in  the  air  or  in  the  water,  are 
surrounded  by  media  in  which  this  substance  is  present.  Even  para- 
sitic organisms,  inhabiting  other  living  bodies,  and  the  foetus  during 
intra-uterine  life,  though  not  immediately  in  contact  with  oxygen,  are 
supplied  with  nutritious  fluids  which  have  themselves  been  exposed  to 
its  influence.  Respiration  consists  in  the  process  by  which  oxygen 
penetrates  the  substance  of  living  organisms,  and  the  changes  which 
accompany  or  follow  its  introduction. 

Respiration  in  Vegetables. — In  regard  to  vegetables,  a  distinction  is 
to  be  made  between  respiration  and  the  absorption  of  gaseous  matter 
for  the  production  of  organic  material.  All  green  plants,  under  the 
influence  of  solar  light,  absorb  carbonic  acid  and  water ;  partially  deox- 
idizing these  substances,  to  form,  with  their  remaining  elements,  starch, 
cellulose,  and  fat.  The  oxygen  thus  separated  is  exhaled  in  a  free  form ; 
while  an  accumulation  of  organic  material  takes  place  in  the  vegetable 
fabric,  which  thus  increases  in  substance,  and  may  afterward  serve  for 
the  nutrition  of  animals.  This  process,  therefore,  is  not  one  of  respi- 
ration, but  of  organic  production.  It  is  peculiar  to  vegetables,  since 
animals  have  no  power  to  produce  organic  material,  and  depend  upon 
vegetables  for  their  supply  of  food. 

Animals,  on  the  other  hand,  consume  the  organic  material  thus  pro- 
duced, at  the  same  time  absorbing  oxygen  and  exhaling  carbonic  acid 
and  water.  In  this  respect  animal  and  vegetable  life  stand  in  a  com- 
plementary relation  to  each  other.  Vegetables  produce  organic  matter 
by  deoxidation ;  animals  consume  it  with  the  phenomena  of  oxidation. 

But  this  apparent  opposition  only  exists  because  plants  have  the 
special  power  of  producing  organic  matter,  by  which  they  Ijecome  a 
source  of  nourishment  for  animals.  The  organic  substances  so  pro- 
duced do  not  immediately  take  part  in  the  active  phenomena  even  of 
vegetable  life.     They  are,  on  the  contrary,  deposited  in  a  quiescent 
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form  aa  rt'serve  material,  to  be  afterward  transformed  and  assimilated 
by  the  plant,  or  consnmed  by  animals.  In  vegetables,  as  well  as  in 
mis,  a  true  respiration  also  ta.ke.s  place,  marked  in  both  instances 

the  absorption  of  oxygen.  The  deoxidizing  process,  by  which 
organic  matter  is  produced,  occurs  only  in  green  vegetables,  nnder  the 
influence  of  solar  light ;  but  the  absorption  of  oxygen  is  a  consUnt 
phenomenon,  taking  [dace  in  both  green  and  colorlcijs  plants,  in  durk- 
ne^  as  well  as  in  the  light. 

The  active  phenomena  of  vegetation,  moreover,  are  dependent  on 
the  absorption  of  oxygen,  and  cannot  go  on  without  it.  When  the 
starch  stored  up  in  a  seed  becomes  lifiuelied  and  converted  into  sugar, 
and  germination  l)egins,  the  absorption  of  oxygen  is  necessary  to  its 
continuance.  This  is  the  case  not  only  in  germinating  seeds,  but  also 
in  expanding  leaf  and  flower  buds,  all  of  which  consume  in  a  short 
period  several  times  their  volume  of  oxygen.     The  processes  of  gcrmi- 

tion,  growth,  and  flowering,  as  well  as  the  intra-cellular  movement 

the  vegetable  plasma,  the  motions  of  the  sensitive-plant  in  response 
to  stimulus,  and  certain  periodical  movements  of  the  leaves  in  other 
species,  all  cetise  in  an  atiJiosi)here  deprived  of  oxygen.*  The  function 
of  respiration  is  accordingly  essential  to  every  form  of  vital  activity. 


Org^ans  of  Respiration, 
aspiration  is  very  activ**  in  the  DiaiumalJanfi  and  birds,  less  so  in 
reptiles  and  fishes ;  and  in  different  classes  the  organs  by  which  it  is 
accomplished   vary   in    size    and  p,Q  g^ 

structure  according  to  the  activity 
of  the  function.    Iti?  requisite  con- 
ditions are   that   the  circulating 
fluid  }>e  exposed  in  some  way  to 
the  influence  of  the   atmosphiTf 
or  of  an  aerated  fluid.    The  respi- 
ratory apparatus  consists  essen- 
^lUly  of  a  moist  and  permeable 
)iratory  membrane,  with  bluod- 
veasete  on  one  side  and  air  or  an         ««*"  *""  ^'^»^  °^  mejcobhamciu  s, 
aerated  fluid  on  the  other.     Tlie  blood  and  the  air,  consequently,  do 
not  come  in  direct  contact  with  each  other,  but  absorption  and  oxbula- 
tion  take  place  through  the  intervening  membrane. 

In  most  aquatic  animal.'-,  the  respiratory  organs  have  the  form  of 
(fitU :  that  is,  vascular  prolongations  of  the  integumcnl  or  mucous 
membrane,  which  are  bathed  in  the  surrounding  water.  In  Meno- 
branchus  (Fig.  50)  the  gills  are  external  feathery  tufts  on  the  sides  of 
the  neck,  connected,  through  lateral  fissures,  with  the  mucous  mem- 
brane of  the  pharynx.     Each  filament  consists  of  a  fold  of  mucous 


•  Mayer,  Lehrbnch  der  Agrikultui^heniie.    Heidelberg,  1871,  Band  L,  pp.  91, 95. 
Hoppe-Seyler,  Phywologischc  Cheniie.     Berlin,  1877,  p.  171. 
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membrane,  containing  a  network  of  capillary  blood-vessels.     The 
ratuB  is  supplied  with  a  cartilaginous  Framework  and  a  set  of  rooscles 
by  which  the  gills   are   kept  in  motion,  and  thuffi 
brought  in  contact  with  fresh  portions  of  the  aerated] 
fluid. 

lu  terrestrial  and  air-breathing  animals,  the  respi^] 
ratory  apparatus  in  situated  internally,  under  the 
form  of  liivgs.     In  salamanders  and  newt**,  the  lun^ 
are  cylindrical  sacs,  communicating  atiteriorly  witbl 
the  pharynx,  and  terminating  by  rounded  oxtremities 
at  the  posterior  part  of  the  abdomen.     The  air,  forced^ 
into  them  from  the  pharynx,  is  after  a  time  regurg>^ 
tated,  to  make  room  for  a  fresh  supply. 

In  frogs,  turtles,  and  serpents,  the  lung  ia  divided 
by   incomplete    partitions  into  smaller  cavities  o^M 
*'  cells. "     The  cells  all  communicate  with  the  cen- 
tral pulmonary  cavity ;  and  the  partitions  l^etween  them  are  vascular 
folds  of  the  lining  membrane.     (Fig.  51.)     By  this  arrangement  a 

Fto.  ^2. 


Lcso  OF  Frog,  lui 
open,  ahoiriug  its  ia- 
teriial  turface. 
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'BxmJJK  Lastsx,  Tracuka,  Brokciii  aiw  JjinnQS ;  showing  th»  rAmiAonUona  of  the  broncltl,  ud 
division  of  the  lunga  into  lubules. 

greater  extent  of  pulmonary  surface  is  presented  to  the  air,  and  the 
aeration  of  the  blood  takes  pluee  with  a  corresponding  rapidity. 

In  the  warm-liluudetl  animals,  tbe  lungs  are  constructed  on  a  plan 
essentially  similar  to  the  above,  differing  from  it  only  in  the  greater 
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extent  to  which  the  pulnionary  cavity  is  subdivided.  In  man  {Fig. 
52)  the  respiratory  apparatus  begins  with  the  larynx,  communicating, 
through  the  glottis,  with  the  pharynx.  Then  follows  tb«  trachea,  a 
niembraoous  tube  with  cartilaginous  rings,  dividing  into  the  right  and 
left  bronchL  These  divide  in  turn  into  secondary  and  tertiary  bronchi; 
the  subdivision  continuing,  and  the  bronchial  tubes  growing  con- 
stantly smaller  and  more  numerous.  As  they  diminish  in  si^e,  the 
tubes  grow  more  delicate  in  structure,  and  the  cartilaginous  rings  and 
plates  disappear  from  their  walls.  When  finally  reduced  to  a  diameter 
of  0.3  millimetre,  they  are  composed  only  of  a  thin  membrane,  lined 
with  pavement  epithelium,  resting  upon  an  elastic  fibrous  layer.  They 
are  then  known  as  the  "  ultimate  bronchial  tubes." 
Each  ultimate  bronchial  tube  terminates  in  a  pyramidal-shaped  islet 
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LOBtTLE  OF   HUXAH  LtTWJ.— «.  ClU-        Nstwobk  OP  Ctlpiixaky  Blooikvkssku  in  Qm 

cliial  tnbe.    b.  Caritf  of  1oIki1«.  Pnlmonnrjr  Veal<:les  of  the  Hone. — a.  Caritj  of 

viury  yedclot.  Vealcle,  wiUi  c»pUl«ry  plexus,    b.  Putroonarr 

blood*ve«acl*,  lupply  log  capillBry  plaxiu.  (Frry.) 

of  pulmonary  tissue,  about  2  millimetres  in  diameter,  termed  a  "pul- 
monary lobule."  Each  lobule  may  he  considered  hs  representing  the 
frog's  lung  in  miniature.  It  consists  of  a  vascular  membrane  in  the 
form  of  a  sac,  the  ctLViij  of  w^hich  is  divided  into  secondary  compart- 
ments by  thin  [wirtitione  projeetitig  from  Its  inner  surface.  These 
secondary  cavities  are  the  "  pulmonary  vesicles."  They  have,  ac- 
cording to  Kiilliker,  an  average  diameter  of  about  0.25  millimetre ; 
but  owing  to  the  distensibility  and  ela-sficity  of  their  walls,  they  are 
capable  of  dilating  to  double  or  triple  their  former  size,  and  returning 
to  their  original  dimensions  when  the  distending  furce  is  removed. 
There  is  reason  to  believe  that  during  life  they  alternately  expand 
and  retract,  as  the  lungs  are  filled  and  emptied  with  the  movements 
of  respiration. 

Each  vesicle  is  surrounded  by  capillary  blood-vessels,  which  penetrate 
its  partition  walls  and  are  thus  exposed  on  both  sides  to  the  influence 
of  the  air  in  the  pulmonary  cavities.  The  abundant  clastic  tissue,  in 
the  walls  of  the  vesicles,  and  in  the  interlobular  spaces^  gives  to  the 
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lungs  their  property  of  resiliency.     The  pavement  epithelium  Uniag 
the  ultimate  bronehial  tu>>es  extends  into  the   lobules  and   vesicl 
ibrminfT,  according  to  Kolliker,  a  continuous  investment  of  their 
ternal  surface. 

The   extensive  involution   of  the  respiratory  membrane,  resulting 
from  the  multiplication  of  the   bronchial   tubes  and  veeicles,  in  t 
lungs  of  man  and  momnialtans,  increases  in  a  high  degree  the  activi 
of  respiration ;  since  the  blood  in  the  capillary  ves.aels,  distributed 
thin  layers  over  so  large  a  surface,  in  immediate  proximity  to  the 
in  the  pulmonary  cavities,  is  placed  under  the  most  favorable  conditio 
for  rapid  arteriaiizatian. 


1 


Movements  of  Respiration. 

The  air  in  the  pulmonary  lobules  and  vesicles,  being  used  for  the 
nrterializatiou  of  the  blood,  is  rapidly  altered  in  composition,  and 
requires  to  be  replaced  by  a  fresh  supply.  Its  renewal  is  oflFeeted  by 
alternate  movements  of  expansion  and  collapse  of  the  chest,  following 
each  other  in  regular  succession,  known  respectively  as  the  "  movement 
of  inspiration,"  and  the  "  movement  of  expiration," 

Movement  of  Inspiration. — The  expansion  of  the  chest  is  produced 
by  two  sets  of  muscles,  namely,  the  diaphragm  and  the  intercostals. 
The  diaphragm  is  a  vaulted  muscular  sheet,  forming  the  floor  of  the 
thorax,  its  edges  being  attached  to  the  lower  extremity  of  the  sternum, 
the  inferior  costal  cartilages,  the  borders  of  the  lower  ribs,  and  the 
bodies  of  the  lumbar   vertebrae,  whence  its  fibres  run  upward  ani 
inward,  to  the  triangular  tendinous  expansion  at  its  centre.     In  tl 
relaxed  condition,  its  convexity  rist^s  into  the  chest,  as  high  as  the  lev 
of  the  fifth  rib.     When  its  muscular  fibres  contract,  they  draw  its  cei 
tral  tendon  downward,  depressing  the  abdominal  organs,  and  enlargin, 
the  cavity  of  the  chest  in  n  vertical  direction.     At  the  same  time,  b; 
the  contraction  of  the  iiiti-rctistal  nuisclos,  the  ribs  are  drawn  upwa 
and  outward,  rotating  upon  their  articulations  with  the  spinal  colum 
and  expanding  the  chest  from  side  to  side.     The  sternum  also  ri 
slightly  and  increases  to  some  extent  the  antero-posterior  diameter  of 
the  thorax.     By  these  changes,  the  cavity  of  the  lungs  is  enlarered  in 
every  direction,  and  the  iiir  penetrates,   by   the   force  of  aspiratio 
through  the  trachea  and  bronchial  tubes,  to  the  pulmonary  lobules  an 
vesicles. 

The  action  of  the  respiratory  muscles  is  indicated  externally  by  t 
different  motions,  namely,  the  expansion  of  the  chest,  due  to  the  inte 
costals,  and  the  protrusion  of  the  abdomen,  caused  by  the  descent  of 
the  diaphragm.  In  children,  as  well  as  in  the  adult  male,  under  ordi- 
nary conditions,  the  diapbragni  perff>rms  most  of  the  work,  and  the 
movements  of  the  alxlomen  are  the  only  ones  especially  noticeable. 
Any  unusual  exertion,  however,  produces  an  increased  expansion  of  the 
chest ;  and  the  movement  of  the  ribs  becomes  more  plainly  visible  after 
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walking  or  running*.  In  the  female,  the  movements  of  the  chest,  par- 
ticularly of  its  upper  half,  arc  habitually  more  prominent  than  those  of 
the  abdomen  ;  and  this  difference  in  the  mechanism  of  respiration  is 
characteristic  of  the  t*exeB. 

In  certain  abnormal  conditions  the  activity  of  either  the  intercostal 
;les  or  the  diaphra^-m  may  be  separately  susipended,  leavinp  the 
rk  of  respiration  to  bo  performed  by  the  remaining  set  of  muscles. 
If  the  intercostals  l>c  paralyzed  by  injury  of  the  spinal  cord  in  the 
lower  cervical  or  upper  dorsal  region>  tlie  thorax  remains  quiescent, 
while  the  protrusion  of  the  abdomen  is  increased  to  a  corresponding 
degree.     This  mode  of  breathing  is  called  abihrniitial  respiration. 

In  cases  of  peritonitis,  on  the  other  hand,  the  movements  of  the 
diaphraprm  are  restrained,  owing  to  the  tenderness  of  the  inflamed  sur- 
face. This  is  known  as  thoracic  respiration ;  since  the  expansion  of 
the  chest  becomes  more  active  than  u.-^ual,  and  is  the  only  visible  move- 
ment performed. 

Morem.ent  of  Expiration. — After  inspiration  is  uccomplished  and 
the  lungs  are  filled  with  air,  the  diaphragm  and  intercostal  muscles 
rela.x,  and  a  passive  movement  of  expiration  takes  place,  by  which  the 
pulmonary  cavity  is  partially  emptied.  It  is  mainly  accompiished  by 
the  elastic  reaction  of  the  lung  tissue,  w  hich  compresses  the  pulmonary 
lobules  and  vesicles,  and  expels  a  portion  of  the  contained  air.  This 
elaifticity  is  readily  shown  by  removing  the  lungs  from  a  recently  kilK-d 
animal,  distending  them  by  insufflation  through  the  trachea,  and  then 
allowing  them  to  collapse.  They  react,  under  these  circumstances,  with 
sufficient  power  to  eicpel  the  larger  portion  of  the  injected  air.  Other 
ins,  during  life,  aid  in  the  process.     The  elastic  costal  cartilages. 

fblly  twisted  in  inspiration  by  the  elevation  of  the  ribs,  resume 
their  original  form  in  expiration,  and.  by  drawing  thf  ribw  downward, 

ipress  the  thorax.  Lastly,  the  abdominal  organs,  displaced  by  the 
jnt  of  the  diaphragm,  are  forced  backward  by  the  elasticity  of  the 
"alxlominal  walls  and  of  their  own  fibrous  attachments,  carrying  the 
relaxed  diajihragnj  before  them.  By  the  recurrence  of  these  two  move- 
ments, of  inspiration  and  expiration,  fresh  portions  of  air  are  alternately 
mtroduced  into  and  expelled  from  the  pulmonary  cavity. 

All  the  air  in  the  lungs,  however,  i.-^  not  changed  at  each  movement. 
A  considerable  quantity  remain-^  behind  after  the  most  complete  expira- 
tion; and  even  when  the  lungs  have  been  removed  from  the  chest, 
they  still  contain  a  certain  volume  of  air,  which  cannot  be  di.*placed  by 
any  violence  short  of  disintegrating  the  pulmonary  tissue.  Only  a 
comparatively  small  portion  of  the  air,  therefore,  passes  in  and  out 
iritb  each  respiratory  movement ;  and  its  complete  renewal  will  require 
several  successive  respirations.  The  relation  in  quantity  between  the 
air  changed  at  each  respiration  and  that  contuitic-d  in  the  chest  varies 
different  conditions ;  but  the  average  results  obtained  by  different 
?rver3  show  that,  in  general,  the  volume  of  the  inspired  and  expired 
air  is  froni  10  to  13  per  cent,  of  the  whole  contents  of  the  pulmonary 
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cavity.     Thus  it  will  need  from  ei^^ht  to  ten  respiration^i  entirely  toi 
renovate  the  air  in  the  lungs. 

Respiratory  Movements  of  the  Glottis Beside  the  raovemi>nts  of 

respiration  belonging  to  the  chest,  there  are  similar  changes  of  expan- 
sion and  collapse  in  the  larynx.     If  the  respiratory  passages  be  exam- 
ined after  death,  the  opening  of  the  glottis^  will  he  found  smaller  in  ^ 
calibre  than  the  cavity  of  the  trachea.     The  air-passage  at  the  level  ^ 
of  the  glottis  is  a  narrow  chink ;  but  it  widens?  considerably  in  the 
lower  part  of  the  iarynx,  while  the  trachea  is  a  spacious  cylindrical  tube. 
In  man  the  space  between  the  vocal  chords  has  an  area,  on  the  average, 
of  only  one  square  centimetre;  while  the  calibre  of  the  trachea  in  tha^ 
middle  of  its  length  is  2.81  square  centimetres.     But  this  disproportion  m 
does  not  exist  during  life.     In  respiration  there  is  a  regular  movement 
of  the  vocal  chords,  .^synchronous  with  that  of  the  chei>t,  by  which  the 
size  of  the  glottis  is  alternately  enlarged  and  diminished.     At  inspirs 
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HUMAX  LAsriiX,  viewed  from  above  in  lu 
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The  same,  with  tbi.<  glottia  opened  by  sepui^ 
liou  of  the  vocal  chord*.— o.  Vocml  chords. 
6.  Thyroid  cjirriljigf.  e,  c.  Arytenoid  cartl- 
K-ii^es.    o.  0(N.'Dlug  of  the  t^lotti*. 


tion  the  glottis  opens,  admitting  the  air  freely  into  the  trachea;  ai 
expiration  it  collapses,  as  the  air  is  expelleil  from  below.  These  mov©** 
mcnts  are  the  "  respiratory  movements  of  the  glottis."  They  corre- 
spond in  every  respect  with  those  of  the  chest,  and  are  excited  or 
retarded  by  similar  causes.  When  the  general  movements  of  respira- 
tion arc  hurried,  those  of  the  glottis  are  also  accelerated ;  and  when 
the  movomcnt>t  of  the  chest  are  slower  or  fainter  than  usual,  those  of 
the  glottis  are  diminished  in  the  same  proportion. 

In  the  glottis,  as  in  the  chest,  the  movement  of  inspiration  is 
active  one,  and  that  of  expiration  passive.     In  inspiration,  the  glotti 
is   opened   by  contraction   of  the  postcrinr   cric(»-arytenoid   muscles 
which  originate  from  the  posterior  surface  of  the  cricoid  cartilage,  an' 
running  thence  upward  and  outward,  are  inserted  into  the  ext*?mal 
angles  of  the  arytenoid  cartilages.     By  these  muscles,  the  arytenoid 
cartilages  are  rotated  upon  their  articulations,  so  that  the  vocal  chords^ 


i 

rV 

D 

of 

i 


RE8PIKATION. 


239 


k 


Siiached  to  their  anterior  extremities,  are  rstretched  and  separated  from 
each  other.  In  this  way,  the  orifice  of  the  glottis  may  be  nearly  doubled, 
Its  area  being  increased  from  0.94  to  1.69  square  centimetre. 

At  the  time  of  expiration,  the  posterior  crico-arytenoid  muscles  are 
relaxed,  the  elasticity  of  the  vocal  ohords  replacing  them  in  their 
former  position. 

The  mechanism  of  respiration  consists,  therefore,  of  two  sets  of 
moremeniB,  those  of  the  chest  and  those  of  the  glottis.  These  move- 
ments, in  the  normal  condition,  correspond  with  each  other  both  in 
time  and  intensity.  It  is  at  the  .same  moment  and  by  the  same 
nervous  influence,  that  the  chest  expands  to  inhale  the  air,  while 
the  glottic  opens  to  admit  it;  and  in  expiration,  the  nniscles  of  both 
che.9t  and  glottis  are  relaxed,  while  the  elasticity  of  the  tissues  restores 
the  parts  to  their  original  condition. 

Rajndity  of  Respiration, — The  movements  of  respiration  in  man 
foUow  each  other  for  the  most  part  with  great  regularity,  and,  according 
to  the  most  extensive  and  varied  observations,  at  the  average  rate  of  20 
inspirations  p^-r  minute.  This  rate  varies  under  different  conditions, 
oUe  of  the  moS't  important  of  uhicb  is  age.  As  a  rule,  respiration  is 
more  rapid  in  children  than  in  adult,«  t^uetelet  ha«  found  the  average 
r»t€  in  the  newly  born  infant  44  per  minute,  and  at  the  age  of  6  years 
J6  per  minute,  being  reduced  between  the  ages  of  fifteen  and  twenty 
years,  to  the  standard  rapidity  of  20  per  minute.  In  the  adult,  according 
to  the  same  observer,  a  condition  of  rest  or  activity  readily  influences  the 
number  of  respirations;  which  are  less  frequent  during  .'^leep  than  in 
the  waking  condition.  Even  a  difference  in  posture  has  a  pcrcL-ptible 
effect,  the  number  of  respirations  in  one  individual  being  19  per  uiiiiute 
while  lying  down,  and  22  per  minute  when  standing  up.*  Any  special 
.  muscular  activity,  as  rapid  walking  or  running,  at  once  increases  the 
frequency  of  respiration,  which  returns  to  its  ordinary  regularity  soon 
after  the  exertion  has  ceased. 

The  movements  of  respiration  are  involuntary  in  character,  and  even 
their  acceleration  or  diminution  is  mainly  regulated  by  influences  beyond 
our  control.  It  is  possible  for  a  short  time  to  increase  or  retard  the 
rate  of  respiration,  within  certain  limits,  by  vohintarv  effort;  Ijul  this 
cannot  be  done  continuously.  If  we  lutfntionally  arrest  the  breathing 
or  diminish  its  fi-equency,  after  a  short  interval  the  nervous  impulse 
becomes  too  strong  to  be  controlled,  and  the  movements  recommence 
M  nsunl.  If  on  the  other  hand  we  purposely  accelerate  respiration  to 
Wiy  great  degree,  the  exertion  soon  becnujes  too  fatiguing  for  contin- 
Qanoe,  and  the  movements  return  to  their  normal  standard. 

Quantity  of  Air  v^ed  in  Rexpiration. — Like  all  quantitative  esti- 
mates connected  with  respiration,  that  of  the  inspired  and  expired  air 
varies  considerably  us  given  by  different  observers.  The  peculiarities 
of  individual  constitution,  as  well  as  the  conditions  of  rest  and  activity, 
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prevent  our  arriving  at  an  absolutely  uniform  standard.  The  average 
result,  derived  from  several  of  the  most  trustworthy  experimenters,  as 
well  as  from  our  own  observations,  gives  the  amount  of  air  taken  into 
and  expelled  from  the  lungs  with  each  respiration  as  320  cubic  centi- 
metres. This  estimate  is  certainly  not  above  the  reality.  If  we  take, 
accordingly,  eighteen  respirations  per  minute  as  the  mean  rapidity 
between  the  sleeping  and  waking  hours,  this  would  amount  to  5760 
cubic  centimetres  of  inspired  air  per  minute,  845,600  per  hour,  and 
8,294,400  cubic  centimetres,  or  8294.4  litres  per  day.  But  as  the 
breathing  is  increased,  both  in  rapidity  and  volume,  by  every  muscu- 
lar exertion,  the  daily  quantity  of  air  used  in  respiration  is  not  less 
than  10,000  litres,  or  350  cubic  feet.  This  is  140  times  the  bulk  of 
the  entire  body. 

Estimates  of  this  kind  are  sometimes  used  to  calculate  the  air-space 
necessary  for  each  inmate  of  a  hospital  or  school-room.  This  alone, 
however,  can  never  be  sufficient  for  the  purpose.  The  successftil 
ventilation  of  a  room  depends  not  so  much  on  the  quantity  of  air 
which  it  contains  as  on  that  introduced  and  expelled  within  a  certain 
period.  The  air  of  a  small  room,  if  properly  renewed,  may  be  amply 
sufficient  for  respiration,  while  that  of  a  large  room,  if  it  remain  stag- 
nant, will  become  unfit  for  use.  A  large  air-space  will  render  ventil»> 
tion  more  easy  of  accomplishment  by  ordinary  methods,  because  the 
air  will  not  be  so  rapidly  vitiated  as  if  it  were  in  smaller  volume ;  bat 
it  must  still  be  changed  with  a  rapidity  proportionate  to  its  contamin»' 
tion,  in  order  to  maintain  the  apartment  in  a  wholesome  condition. 


Changes  in  the  Air  by  Sespiration. 

The  atmospheric  air  is  a  mixture  of  oxygen  and  nitrogen  in  the  pro- 
portion, by  volume,  of  about  21  parts  of  oxygen  to  79  parts  of  nitro- 
gen. It  also  contains  .05  per  cent,  of  carbonic  acid,  a  varying  quantity 
of  watery  vapor,  and  some  traces  of  ammonia.  The  last  named  ingre- 
dients, so  far  as  animal  respiration  is  concerned,  are  insignificant  in 
comparison  with  the  oxygen  and  nitrogen  which  form  the  principal 
part  of  its  mass. 

As  discharged  from  the  lungs  in  expiration,  the  air  is  found  to 
have  become  altered  in  the  following  particulars :  first,  it  has  lost 
oxygen ;  secondly,  it  has  gained  carbonic  acid ;  and  thirdly,  it  has 
absorbed  the  vapor  of  water.  The  most  important  of  these  changes 
are  its  diminution  in  oxygen  and  its  increase  in  carbonic  acid. 

Diminution  of  Oxygen. — According  to  Valentin,  Vierordt,  and  Reg- 
nault  and  Reiset,  the  air  loses  during  respiration,  in  man,  on  an  aver- 
age, five  per  cent,  of  its  volume  of  oxygen.  At  each  inspiration,  about 
16  cubic  centimetres  of  oxygen  arc  removed  from  the  air  and  ab- 
sorbed by  the  blood ;  and,  as  the  daily  quantity  of  air  used  in  respirar 
tion  is  about  10,000  litres,  the  oxygen  consumed  in  twenty-four  hours 
is  not  less  than  500  litres,  or  seven  times  the  bulk  of  the  entire  body. 


RESPIRATION. 


241 


■ 
■ 


This  is,  by  wcip-ht,  715  grammes,  or  rather  more  than  one  pound  and 
a  half  avoirdupois. 

The  absorption  of  oxyg'en  by  different  animals  varies  according  to 
their  functional  activity;  and  this  difference  exists  even  between  those 
of  the  same  class.  In  the  sparrow  the  amount  of  oxygen  absorbed, 
iu  pr«iportiou  to  the  bodily  weight,  is  ten  times  as  great  as  in  the 
common  fowl ;  and  in  a  carp  the  quantity  consumed  in  an  hour 
would  hardly  be  sufficient  for  the  respiration  of  a  pigeon  for  a  single 
minute. 

In  the  same  individnal  a  temporary  increase  of  muscular  activity 
augments  in  a  marked  degree  the  absorption  of  oxygen.  It  was  found 
by  Lavoiser  and  Seguin  that  a  man,  who  in  the  ordinary  condition 
absorbed  a  little  over  IIJ.OOO  cubic  ceiitimctre.s  of  oxygen  jM-r  hour, 
consumed  nearly  13,000  cubic  centimetres  during  fifteen  minutes  of 
^^  active  exercise ;   the  rapidity  of  absorption  being  increased  to  more 

■  than  2^^  times  its  former  rate.  On  the  other  hand,  the  process  is 
d]mini:?hed  in  activity  during  sleep ;  and  in  hibernating  animals,  and 
in  insects  undergoing  transformation,  at  the   time  of  their  most  pro- 

I  found  lethargy  it  is  reduced  to  a  mere  vestige,  as  compared  with  their 
usual  condition.  Spallanzani  observed  that  in  insects  the  oxygen  con- 
sumed in  a  given  time  by  the  chrysalis  was  far  less  than  that  absorbed 
by  the  caterpillar  or  the  butterfly  ;  and  in  the  experiments  of  Reg- 
aault  and  Reiset  on  the  marmot,  the  consumption  of  oxygen  by  this 
animal  at  the  commencement  of  the  cold  season  was  about  5U0  cubic 
centimetres  per  hour  for  every  kilogramme  of  bodily  weight,  while 
after  hibernation  was  fully  established  it  was  reduced  to  26  cubic  centi- 
metres per  kilogramme  per  hour. 
Ii  The  absorption  of  oxygen,  accordingly,  in  respiration,  is  directly 

L       iBSociated,  in  rapidity  and  amount,  with  the  physiological  activity  of 

■  the  living  organism. 

H  Owing  to  its  diminution  in  oxygen,  air  which  has  once  been  breathed 
H  is  less  capable  of  supporting  respiration  than  before.  When  an  animal 
^L  J9  confined  within  a  limited  space,  the  air  becomes  poorer  in  oxygen  as 
^Vlvplimtion  goes  on;  and  when  its  prnpf»rtion  has  been  reduced  to  a 
V^  certain  point,  the  nninial  dies,  because  a  substance  essential  to  life  is  no 
P  longt?r  present  in  sufficient  quantity.  Different  animals  are  affected  in 
various  degrees  by  a  given  diminution  in  the  atmospheric  oxygen. 
Cold-blooded  species,  iu  which  respiration  is  eouiparatively  slow,  may 
i  still  breathe  when  only  a  very  small  quantity  of  oxygen  is  present; 
^ft  and  it  has  been  found  that  electrical  tishes,  as  well  as  slugs  and  snails, 
^^  may  continue  respiration  until  they  have  completely  exhausted  tho 
I  o.\ygen  in  the  water  or  air  in  which  they  are  confined.  But  where 
^^  rcitpiration  is  active,  as  in  birds,  quadrupeds,  and  man,  a  partial  reduc- 
^  Uon  of  the  oxygen  is  sufficient  to  cause  death.  If  the  carbonic  acid 
exhaled  be  absorber]  by  an  alkaline  solution,  so  that  the  purity  of  the 
air  be  maintained,  it  is  found  that  a  sparrow  dies  in  an  hour  when  the 
proportion  of  oxygen  has  been  reduced  to  15  per  cent,  j  and  a  mouse 
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iKm  1q  fiye  minates  when  it  is  redoeed  to  10  per  ceot.  ;*  tho  remtlnder 
of  the  air  in  both  cases  consisttng  of  aitrogen.  In  man  asphyxia  \» 
almost  immediatelj  prodooed  wben  the  proportion  of  oxygen  has  fallen 
to  10  per  ceoL 

Ab  a  candle  flame  ia  also  extingnifthed  in  an  atmosphere  deprived  of 
oxygen,  thiH  test  in  sometimes  employed  to  determine  whether  it  )>e 
iafe  to  enter  an  atmosphere  of  doabtful  composition.     In  hread-ruomsj 
and  beer-vats,  where  fermentation  haa  been  going  on,  in  weilt^  which  i 
bare  been  for  a  long  time  closed,  or  in  old  andcrgroand  eavities  or^ 
psMBgefi,  the  atmosphere  is  frequently  so  poor  in  oxygen  that  it  would  ^ 
be  nneafe  to  enter  them  without  precaution.     A  lighted  candle  is,! 
iocordingly,  lot  down  into  the  suspected  cavity,  and  if  sufficient  oxygen 
be  present,  it  continues  to  bum  -,  if  not,  it  is  extingtiished. 

This  teat  is  the  more  valuable,  because  the  proportion  of  oxygen 
necessary  for  ihe  combustion  of  a  candle  is  greater  than  that  re(]ulrcd< 
for  the  immediate  support  of  respiration.  A  candle  is  extinguished 
when  the  air  contains  only  17  per  cent,  of  its  volume  of  oxygen,  while 
leaa  than  this  may  still  serve  a  short  time  for  respiration.  According 
to  Milne-Edwards,  a  man  may  respire  in  an  atmosphere  which  is  in- 
miffieient  to  support  combustion  ;  and  we  have  repeatedly  seen  pigeons 
continue  to  breathe  in  air  in  which  a  candle  flame  was  immediatelyi 
extinguished. 

But  although  an  atmosphere  containing  from  10  to  17  per  cent,  of 
oxygen  is  not  at  once  fatal  to  man,  it  is  still  unfit  for  continued  breath- 
ing, and  after  a  time  its  deleterious  efl'ects  would  become  manifest.  A 
complete  renewal  of  the  deteriorated  air,  in  such  cases,  is  essential  Un 
the  perfect  performance  of  respiration. 

Increase  of  Carbonic  Acid.- — The  expired  air  nsuall}'  contains,  inl 
man,  about  4  per  cent,  of  its  volume  of  carlxjnic  acid,  which  it  has  ab- j 
eorbcd  in  the  lungs.     Rathor  less  than  13  cubic  centimetres  of  this  ga«j 
are,  therefore,  given  off  with  each  ordinary  expiration  ;  and  as  10,000 
litres  of  air  arc  inhaled  and  dibchart'cd  during  twenty-four  hours,  thiaj 
will  give  400  litres  of  carbonic  acid  as  the  amount  expired  per  day. 
Thi.s  qimiiiity  is,  by  weight,  78B  grammes,  or  rather  less  than  one 
pound  and  three-r|iiartors  avoirdujiois. 

The  exhalation  of  carbonic  acid  by  respiration  varies,  for  the  most^ 
part,  in  a  similar  way,  with  the  absorption  of  oxygen.  In  general,  it 
may  be  said,  as  the  result  of  many  tnustworthy  observations,  both  in 
animals  and  man,  that  the  carbonic  acid  exhaled  during  a  given  time, 
is  increased  by  muscular  exertion,  or  any  other  physiological  activity 
of  the  system,  and  is  diminished  by  quietude^  during  sleep,  and  in  a 
ptate  of  inanition. 

These  facts  were  first  established,  particularly  for  the  human  subject, 
by  8charling,t  who  found  that  the  quantity  of  carbonic  odd  exhaled 


♦  Milnp-Ktlwnrda,  Leyons  sjir  la  Physiologie.    PuriB,  1857,  tome  U.,  p.  638. 
t  AnuoIeB  de  Chlmie  ct  de  Phy»iqu&     Paris,  1843,  tome  viii.,  p.  490. 
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gTPBtcr  during  dipestion  than  in  the  fastinfr  condition ;  in  the 
liug  hours  than  during  sleep;  and  in  a  state  of  activity  than  in 
one  of  repose.     It  was  diminished  by  fatigue,  and  by  most  conditions 
which  intorfero  with  honlth. 

In  uiau  ihe  rate  of  exhalation  also  varies  according  to  age,  sex,  con- 
stitution, and  development.     These  variations  were  investigated  by 
Andral  and  Gavarrot,  who  found  them  very  marked  in  different  indi- 
viduals, notwiths^tunding  that  the  experiments  were  made  at  the  same 
jiod  of  the  day,  and  with  the  subject  as  nearly  as  possible  in  the 
ic  condition.     The  carbonic  acid  exhaled  per  hour  in  five  diflerent 
j. persons  was  a«  follows : 

QuAHxrrv  ov  Oarbooto  Aoro  peb  Ilomi. 

In  subject  ITo.  1 19,770  cnbJc  centimetres. 

"        "         "3 1S,888     "  " 

"        «'        "3 20,475     •'  " 

•'        "        *'  4 20,476     "  " 

"        "        "5 26,000     "'  " 

Prom  eight  years  up  to  puberty  the  quantity  of  carbonic  acid  in- 
creapefl  constantly  with  the  age.     Thus  a  I)oy  of  eight  years  exhales, 
on  the  average, 9238  cubic  centimelrcs  per  hour ;  while  n  boy  of  fifteen 
I  exhales  16,168  cubic  centimetres  in  the  same  time.    Boys  exhale  during 
('this  period  more  carbonic  aci<l  than  girls  of  the  same  ago.     In  males 
[the  quantity  of  carbonic  acid  increases  until  the  twenty-fifth  or  thir- 
tieth year,  when  it  reaches,  on  the  average,  22,899  cubic  contimelres 
Ijtor  hour.     It  then  remains  stationary  for  ten  or  fifteen  years;  dimin- 
ishes slightly  from  the  fortieth  to  the  sixtieth  year ;  and  after  sixty 
jshowB  a  marked  reduction,  falling  sometimes  as  low  as  17,000  cubic 
[centimetres.     In  one  superannuated  person,  102  years  of  age,  the  hourly 
[quantity  was  less  than  11,000  cubic  centimetres. 

lu  women,  the  increase  of  carbonic  acid  ceases  at  pul>erty ;  it«  pro- 

hiction  then  remaining  constant  until  the  cessation  of  menstruation, 

[about  the  fortieth  or  forty-fiflh  year.     At  that  time  it  increases  again 

until   after   fifty  years,   when    it   subsequently   diminishes    with   tho 

approach  of  old  age,  as  in  men.     Pregnancy,  occurring  at  any  time 

B  an  the  above  period,  produces  a  temporary  incrca.se  in  the  quantity  of 

BearlKioic  acid. 

The  strength  of  constitution,  and  particularly  the  development  of 
the  muscular  systevi,  has  great  influence  in  this  respect.  The  largest 
prodnction  of  carbonic  acid  observed  was  in  a  young  man,  26  years  of 

|»g«,  of  remarkably  vigorous  and  athletic  development,  who  exhaled 
SB,060  cubic  centimetres  per  hour.  t)n  the  other  hand,  an  unusually 
large  skeleton,  or  an  abundance  of  adipose  tissue,  is  not  accompanied 
by  a  eorresponding  increase  in  carbonic  acid. 
The  discharge  of  carbonic  acid  is  not  altogether  confined  to  the 
lung?,  but  takes  place  also,  in  some  measure,  by  the  urine  and  the  per- 
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spiration.  Morin*  found  that  the  urine  always  containn  in  aoluti 
certain  poses,  of  which  carbonic  acid  is  the  most  abundant.  The  mei 
result  of  fifteen  observations  showed  that  urine  excreted  during^  t 
night  contains  about  1.9ti  jwr  cent,  of  its  volume  of  carbonic  acid.  Duri 
the  day  the  quantity  of  this  /^as  varies  considerably,  according  to  t 
condition  of  repose  or  activity  ;  since  after  remaining?  quiet  for  an  ho' 
or  two,  it  was  only  1.19  per  cent,  of  the  volume  of  the  nrin^,  whi 
after  continued  exertion  for  a  similar  period  the  urine  was  aujorment 
in  quantity,  and  its  proportion  of  carbonic  acid  at  the  same  time  nearl; 
doubled,  amountiii<?  to  2.29  per  cent,  of  its  volume. 

An  equal  or  even  greater  activity  of  gaseous  exhalation  tuK<\«  pja- 
by  the  skin.  It  ha.s  lieen  found,  by  inclosing  one  of  ih«'  limbs  in  ai 
air-tight  case,  that  the  air  in  which  it  is  confined  loses  oxygen  and  gai 
carbonic  acid.  From  an  experiment  of  this  sort,  Scharling  estimat' 
the  carbonic  acid  given  off  from  the  whole  cutaneous  surface,  in  nm 
as  from  one-sixtieth  to  one-tliirtieth  of  that  discharged  by  the  lung 
In  the  more  recent  observations  of  Aubert,  the  whole  body  witho 
clothing,  was  confined  in  an  air-tight  case,  leaving  only  the  h 
exposed.  Ventilation  was  kept  up  during  the  exijeriraent  writh  air 
free  from  carbonic  acid,  while  the  carbonic  acid  exhaled  from  the 
body  was  absorbed  by  baryta-water.  Each  observation  lasted  for  tw( 
hours,  and  the  average  result  obtained  was  that,  for  the  entire  da 
of  twenty-four  hours,  198  cubic  centimetres  of  carbonic  acid  wt 
exhaled  from  the  skin  ;  a  quantity  representing  rather  less  than  one 
two-hundredth  of  that  given  off  by  the  lungs. 

In  the  amphibious  reptiles,  as  frogs,  newts,  and  salamanders,  which 
breathe  by  lungs,  and  yet  can  remain  under  water  for  a  considerable 
time,  the  integument  takes  a  more  active  part  in  respiration.     The 
skin  of  these  animals,  which  is  thin,  moist,  and  covered  with  a  de 
catc  epithelial  layer,  presents  the  most  favorable  conditions  for  ga-seo 
transudation ;  and  beneath  the  surface  of  the  water,  while  the  lun, 
arecomparniively  inactive,  exhalation  and  absorption  take  place  througl 
the  skin,  and  respiration  goes  on  almost  without  interru})tion. 

Indifference  of  Nitrogen  in  the  Act  of  Hespiration.  —  Notwith- 
standing the  abundance  of  free  nitrogen  in  the  atmosphere,  and  i 
existence  to  some  extent  in  the  circulating  fluids,  this  substance  tak 
no  direct  part   in    respiratinn  or  nutrition.     Even  in   vegetables,  the 
nitrogen  required  for  their  albuminous  ingredients  is  derived  only  from 
pre-existing  nitrogenous  compounds,  mainly  nitrates  and  ammoniiiui 
salts.     In  animals,  according  to  the  conclusions  generally  accepted, "fc 
there  is  no  satisfactory  evidence  that  the  free  nitrogen  of  the  air  h: 
any  share  in  the  phenomena  of  coiiibinotion  or  decomposition  wi 
the  body.     It  appears  to  .serve  as  a  vehicle  or  medium  of  admixtu 
for  the  introduction  of  oxygen ;  remaining  in  other  respects  an  ind 
ferent  substance  in  the  respiratory  process. 

♦Journal  de  Pliarniacie  et  t\e  Cliimie.     Pariw,  1864,  tome  ilv.,  p.  396. 
j  Hopiif-Seylcr,  Phyaiologiachf  Chomu!.     Berlin,  1877,  p.  48. 
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Discharge  of  Water  in  liespiralion. — The  water  exhaled  with  the 
breath  is  piven  off  by  the  pulmonary  mucous  niembrane,  by  which  it 
is  absorbed  from  the  blood.  At  ordinary  temperatures  it  is  a  transpa- 
rent, invi^^ible  vapor ;  but  in  cold  weather  it  becomes  partly  condensed 
on  leaving  the  lungg,  and  appears  as  a  cloudy  precipitate  in  the  breath, 
Accordinjf  to  Valentin,  the  average  quaotity  exhaled  from  the  lungs  la 
about  500  gramme.^  jxt  day. 

The  exhalation  of  water  by  the  lungs  is  a  physical  process, 
dependent  on  the  moist  and  permeable  structure  of  the  pulmonary 
membrane  and  the  va}>orization  of  watery  fluid  at  the  ordinary  press- 
are  of  the  atmosphere.  Any  moist  animal  membrane,  aftur  death  as 
well  as  during  life,  loses  water  by  evaporation  and  becomes  gradually 
desiccated.  Experiments  on  recently  killed  frogs  show  that  spoutar 
DeoQH  desiccation  goes  on  at  first  rapidly,  and  afterward  more  slowly, 
ts  the  proportion  of  water  in  the  tissues  is  diminished.  In  the  lungs 
of  a  warm-blooded  animal  daring  life  all  the  requisite  conditions  for 
rapid  evaporation  are  present,  namely,  a  moderately  elevated  tempera- 

[tarc,  a  constant  renewal  of  atmop|»heric  air  by  the  movements  of 
liration,  and  a  continuous  supply  of  moisture  by  the  circulating 
The  watery  vapor  exhaled  is  thtTcfore  increased  or  dimiuislied 
according  to  the  rapidity  of  respiration,  dryness  or  humidity  of  the 
atmosphere,  and  the  activity  of  the  pulmonary  circulation. 

In  some  animals,  as  in  the  dog,  where  the  integument  is  compara- 
tively deficient  in  perspiratory  glands,  the  pulmonary  transpiration 
becomes  more  active ;  und  it  is  not  uncommon  for  these  animals,  in 
hot  weather,  to  lie  at  rest  with  their  tongues  protruded,  and  breathing 
from  one  hundred  to  two  hundrcil  times  per  minute,  for  the  purpose 
of  increasing  the  watery  exhalation  from  the  lungs. 
In  man  the  precise  physiological  value  of  the  pulmonary  trauspira- 

'tion  is  not  known.  Though  varying  according  to  the  physical  condi- 
tions above  mentioned,  it  is  a  continuous  process,  and  even  at  ordinary 
temperatures  the  expired  breath  received  on  a  polished  glass  or  metallic 
surface  will  produce  an  immediate  dimness  by  the  condensation  of 
laoi&ture.  It  i8  possible  that  the  vapor  thus  exhaled,  beside  being 
complementary  to  the  cutaiieoiis  perspiration,  may  also  serve  as  a 
vehicle  for  the  discharge  of  other  sulistances. 

Exhalation  of  Organic  Matter  hij  the  Breath. — Beside  carbonic  acid 
»nd  water,  the  expired  air  contains  an  organic  ingredient,  which  com- 
inunioftles  a  faint  l>ut  perceptible  odor  to  the  breath.  This  sub.stance 
U  discharged  as  an  ingredient  in  the  watery  vapor  of  respiration. 
Under  ordinary  circumstances  it  is  in  so  small  quantity  as  to  be  hardly 

[ooticeable ;  but  if  a  large  number  of  persons  remain  for  some  hours  in 

mrtment  with  insufficient  ventilation,  it  accumulates  in  the  atmos- 

to  such  an  extent  that  its  odor  l>ecoiiies  offensive.     According  to 

'Carpenter,  the  watt-ry  fluid  condensed  from  the  expired  air,  if  kept  in 
»  closfd  vessel  at  onHuary  tetiiiieratures,  exhales,  after  a  time,  a  putrcs- 

[oeut  odor  which  could  only  come  from  decomposing  organic  substances. 
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When  fresh  and  in  the  heftlthy  condition,  the  org&nic  ingredient  of, 
the  expired  breath  is  not  offensive  and  appears  to  have  no  unwholi 
some  qualities.  It  ia  only  when  accumulated  in  undue  quantity,  ai 
allowed  to  stagnate  in  the  atmosphere,  that  its  disapreeahle  propertie 
become  manifest.  It  api>cars  to  be  distinct  iti  ehttracter  for  each  speck 
of  animal ;  and  as  it  is  liable  to  be  absorbed  and  retained  by  poroti 
materials,  sueh  as  wood,  plaster,  or  woven  fabrics,  its  odor  remai 
pereeptibb'  in  any  small  inclostire  or  transportation -car  in  which  8U< 
animals  have  been  confiaed.  It  has  not  been  isolated  in  any  ca.se  ii 
sufhcient  quantity  to  determine  its  exact  composition. 

VUiatton  of  Air  h>j  Continued  Respiration. — It  appears  from  M 
foregoing  that  the  air,  when  discharged  in  expiration,  has  been  daU* 
orated  by  the  loss  of  oxygen,  and  by  the  addition  of  mutters  derive 
from  the  lungs.  Under  ordinary  conditions,  the  deteriorated  air  is 
once  diffused  in  the  surrounding  atmosphere,  rising  to  a  higher  levi 
on  account  of  its  int'reased  temperature,  and  dispersed  by  the  aeri 
currents;  so  that  a  fresh  supply,  of  normal  constitution,  is  taken  int 
the  lungs  with  each  inspiration.  •  But  when  breathing  is  carried  on 
a  limited  space,  the  air  nc>cos.>i;ari!y  teeomes  vitiated;  and  this  effect 
produced  with  greater  rapidity,  the  smaller  the  volume  of  the  air  ani 
the  larger  the  number  of  men  or  animals  using  it  for  respiration. 

The  vitiation  of  the  air  by  respiration  is,  accordingly,  the  result  of 
several  changes  taking  place  at  the  same  time,  and  its  effects  are  due 
to  all  these  alterations  eonibJQ«'d. 

So  far  as  regards  immediate  danger  to  life,  the  diminution  of  orygi 
is  the  most  important  change  in  the  vitiated  air,  when  carried  toi 
sufficient  extent.  We  have  already  seen  that  for  man  and  mammaliar 
the  air  is  completely  irrcspSrable  when  its  proportinn  of  oxygen 
dttuinished  to  10  percent.  In  these  ex|ierimcnts,  however,  the  exhale 
carbonic  acid  was  removed,  as  fast  as  produced,  by  the  action  of 
alkaline  solution,  so  that  the  air  remained  in  a  state  of  purity  excef 
for  its  loss  of  oxygen.  But  if  the  products  of  respiration  be  allow( 
to  acoumulale  at  the  same  time,  the  loss  of  oxygen  is  more  quickly  fel 
In  the  experiments  of  Leblanc,  a  dog  and  a  pigeon,  breathing  in  a  coi 
fined  space,  were  both  reduced  to  extremities  when  the  air  was  coi 
taminatfd  with  'S(i  per  cent,  of  carbonic  acid,  (hough  still  containin| 
16  per  cent,  of  o.xygen. 

The  second  element  in  the  vitiation  of  the  respired  air  is  ihe  prcsen« 
of  carbfjnic  acid.  The  effect  of  this  gas.  as  produced  by  respiratioi 
cannot  be  ascertained  from  that  of  carbonic  acid  alone.  A  man  or 
animal,  suddenly  introduced  into  an  atmosphere  uf  pure  carbonic  aeic 
dies  at  once  by  snfFocation.  But  this  result  is  not  caused  by  the  ii 
fluence  of  carbonic  acid.  It  is  due  to  the  absence  of  oxygen;  anC 
death  would  take  place  as  promptly  in  an  atmosphere  of  nitrogen  or 
any  other  indifferent  gas.  It  may  Ik?  said  that,  in  general,  for  birds 
and  small  mammalians,  the  atmosphere  becomes  incapable  of  sup- 
porting life  when,  in  addition  to  itfi  normal  proportion  of  oxygen, 
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containa  20  per  cent,  of  carbonic  acid;  that  is,  five  times  as  much  as 
is  present,  in  man,  in  the  expired  breath.  But  Regnault  and  Reiset 
found  that  dog^s  and  rabbits  could  continue  to  breathe  without  diffi- 
culty in  an  atnioHphen^  lonlaiiiing  even  23  i>er  cent,  of  carbonic  acid, 
provided  its  oxygen  were  increased  to  30  or  40  per  cent.  Thus  a  part, 
at  least,  of  the  influence  of  carbonic  acid,  when  in  large  quantity,  is  due  to 
ite  action  in  excluding  or  intcrferins:  with  the  aVjsorption  of  oxygen. 

Pare  carbonic  acid,  mixed  with  atmospheric  air  of  normal  constitu- 
tion, is  not  »o  fatal  in  its  effect  a.^  sometimes  represented.  If  a  pigeon 
be  confined  in  a  glass  receiver  with  a  wide  open  mouth,  and  carbonic 
introduced  through  a  tube  placed  just  within  the  edge  of  the 
80  that  it  will  gradually  mingle  with  the  air.  it  produces  rapid 
and  laborious  re.^piration.  gra<luany  increasing  in  intensity;  and  in  a 
few  moments  the  animal  falls  in  a  state  of  insensibility.  But  if  the 
receiver  be  removed,  allowing  the  fre*  access  of  fresh  air,  the  insen- 
sibility soon  pa^sees  off.  and  in  a  few  moments  the  animal  is  again 
breathing  in  a  natural  manner,  without  having  suffered  any  permanent 
injury.  The  action  of  carbonic  acid,  administered  in  this  way,  is 
similar  to  that  of  an  anscsthetic  vapor,  like  ether  or  chloroform,  with 
the  addition  of  strong  symptoms  of  dyspnoea. 

In  man  the  Immediate  effi-ets  of  carbonic  acid  in  the  inspired  air  are 
of  a  similar  nature.  The  inhalation  of  pure  carbonic  acid  from  a  gas- 
omctrr  is  at  first  extremely  difBcult,  as  its  stimulating  effect  on  the 
luacoQS  membrane  produces  spasmodic  stricture  of  the  glottis.  If 
the  gas,  however,  be  allowed  to  remnin  for  a  short  time  in  contact 
with  the  mucous  membrane  this  effect  passes  off,  the  glottis  may  be 
gently  opened,  and  the  carbonic  acid  drawn  into  the  lungs,  by  a  deep 
inspiration,  to  the  amount  of  from  800  to  1200  cubic  centimetres.     At 

it  it  produces  only  a  sensation  of  warmth  suul  moderate  stimulus  in 
chest.  But  at  the  end  of  two  or  three  seconds  there  comes  on  very 
•uddvDly  a  sense  of  extreme  dyspunea,  with  rapid  and  laborious  respi- 
ration, followed  by  dimness  of  vision,  slight  confu.sion  of  mind,  and 
partial  insensibility,  all  of  which  .symptoms  soon  disappear,  as  respira- 
tion returns  to  its  normal  condition,  leaving  a  feeling  of  quietude  and 
teudeocy  to  .sleep. 

Notwithstanding,  however,  the  intense  feeling  of  dyspnoea  produced 
by  stieh  an  inhalation,  the  external  signs  of  suffocation  are  very  slight, 
and  bear  no  proportion  to  the  severity  of  the  sensations.  They  are 
confined  to  a  little  .suffusion  of  the  face,  with  partial  lividity  of  the 
lips ;  and  the  pulse  is  but  little  if  at  all  affected. 

A  mixture  of  carbonic  acid  and  atmospheric  air  in  equal  volumes  pro- 
duces a  perceptible  frdiug  of  warmth  and  pungency  at  the  glottis,  but 
may  still  be  readily  drawn  into  the  luugij.  After  two  or  three  deep 
iiiepirattons,  the  strong  sense  of  want  of  air,  with  rapid  and  laborious 
respiration,  comes  on  as  before.  The  dyspncea,  suffusion  of  face,  and 
lividity  are  less  marked  than  after  breathing  the  pure  gas,  but  the 
subsequent  condition  of  quiescence  and  partial  aniesthesia,  is  more 
deeidi'd  and  of  longer  continuance. 
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A  mixture  of  one  volume  of  carbonic  acid  with  three  roluinca  of 
atmospheric  air  may  be  inspired  without  difBculty,  producing*  a  ralbef 
ap^reeable  sensation  in  tho  lungs.  After  about  3000  cubic  centimotrea 
have  been  inliak'd  in  successive  inspirations,  a  sense  nf  dyspna?a  cornea 
on,  which,  however,  is  not  particularly  increased  by  continuing  the 
inspiration  to  fiOOO  cubic  centiiuetre,s.  The  nervous  symptoms  an 
moderate  in  decree,  but  similar  to  the  preceding. 

On  the  other  hand,  pure  nitropen  haw  no  taste  nor  odor,  nor  does  it 
have  any  stimulating  efl'ect  on  the  mucous  membrane.  It  may  lx>  in- 
spired to  the  amount  of  (5000  cubic  eentinietres,  without  producing?  any 
sense  of  dyspnoea,  or  any  perceptible  efl'ect  on  the  nervous  system. 

These  results  indicate  that  the  presence  of  carbonic  acid  in  the  lungs 
acts  as  a  stimulus  to  respiration  by  causing-  a  sense  of  tho  want  of  air; 
and  that,  furthermore,  its  principal  toxic  ollcct,  when  in  abnormal  quan- 
tity, is  the  production  of  more  or  less  insensibiUty  or  aniesthesis.  The 
sense  of  drovvsioess  aud  iuatteutiou  experieuced  in  an  im|>erfectly  ven- 
tilated lecture-room  ortljciitrr  is  probablv  due  to  this  cause,  es|H^cially  as 
the  burning- gas-h'trhtsconlributf  at  the  same  time  to  the  formation  of  car- 
bonic acid.  The  temporary  nature  of  these  sensations,  and  their  immedi- 
ate relief  on  comin*:  into  the  open  air,  are  matters  of  common  observation. 

The  third  elcmfut  in  the  vitiation  of  air  by  the  breath  is  the  exhala- 
tion of  urtjunic  cajHjr.  This  is  the  least  understood,  but  probably  the 
most  deleterious  ingredient  of  the  atmosphere  produced  by  respiration. 
It  is  this  which  causes  the  offensive  odor,  and  the  sense  of  oppregsioii 
on  entering  any  confined  space,  where  too  great  a  number  of  persoss 
have  remained  without  sufficient  renewal  of  the  air.  It  is  most  marked 
when  continued  respiration,  with  neglect  of  ventilation,  has  been  going 
on  over  night,  as  in  a  crowded  dormitory  or  sleeping-car ;  since  the 
organic  emanations  have  then  hud  time  noi  only  to  accumulate  b 
also  to  pass  into  a  state  of  incipient  decomposition.  In  this  conditioa 
they  resemble  the  class  of  animal  poisons ;  and  there  is  reason 
believe,  that  when  introduced  into  the  system,  they  may  cause  dis 
turbances  which  last  for  a  considerable  time.  It  is  certain  that  the 
contagion  of  many  febrile  disoa.-^es  is  communicated  through  the  air  by 
the  products  of  reiiipiratton  ;  and  the  normal  organic  exhalations  of  the 
pulmonary  mucous  membrane,  when  altered  by  concentration,  the  accu- 
mulation of  moisture,  and  an  elevated  temperature  are  perhaps  capabi 
of  producing  analogous  effects. 

All  the  above  causes  of  vitiation  of  the  atmosphere  in  respiration, 
notwithstanding  tin-  differrnces  in  their  natun^  and  effects,  are  to  bff 
obviated  by  the  same  means;  that  is,  a  sufficient  renewal  of  the  air  by 
ventilation. 

Relatum  Mwetm  the  Oxygen  absorbed  in  Respiration  and  the,  Carboni 
Acxdgv)en  off. — It  has  been  seen  that,  in  man,  with  each  respiration,  oi 
the  average,  Ifi  cubic  centimetres  of  oxygen  ar<'  absorbed,  and  ]  3  cubic  ceu 
timetres  of  carbonic  acid  given  off.    As  the  oxygen  thus  takou  in  weighs 
rather  less  than  .023  gramme  while  the  carbonic  acid  discharged  weighs 


ho        ■ 

i 


RESPTRATIOK. 


249 


.026  gramme,  it  ia  evident  that  tho  pross  result  is  a  loss  of  wf  ight  to 
the  system,  and  this  loss,  by  continued  respiration,  amounts  on  the 
ftverapo  to  a  little  over  70  fframnies  per  day.  This  is  one  of  the  most 
iiuporttint  facts  connected  with  r«'S[>iration.  It  shows  that  this  function 
is  carried  on  at  the  expense  of  the  bodily  Bubatance,  since  the  oxygen 
and  carlx>n  discharg-ed  under  the  form  of  carlwnic  acid  woijarh  more 
than  the  oxygen  absorbed  in  a  free  state.  The  difTerence  must  accord- 
ingly be  supplied  in  some  way  by  the  food ;  and  if  this  be  withheld, 
respiration  alone  will  be  sufficient  to  diminish  gradually  the  weight  of 
the  body,  and  to  bring  it  at  last  to  a  state  of  emaciation. 

If  we  endeavor  to  ascertain  what  hfconit-s  of  the  inspiri'd  oxygen, 
it  appears,  in  the  first  pla<,!e.  that  the  quantity  of  thin  trflH  whirh  disap- 
from  the  air  is  not  entirely  replaced  in  the  carbon jc  acid  of  the 
ith  ;  that  is,  there  is  less  oxygen  in  the  carbonic  ucid  returned  to 
the  air  by  expiration  than  has  been  taken  from  it  by  inspiration. 

The  proportion  of  oxygen  which  disappears  in  the  body,  over  and 
re  that  returned  by  the  breath  as  carbtmic  ueid,  varies  in  different 
animals.  In  the  ht-rbivora  it  is  about  10  per  cent,  of  the  oxygen 
inspired;  in  the  carnivora,  20  or  26  per  cent. ;  and  even  in  the  same 
animal,  the  proportion  of  oxygen  absorbr-d,  to  that  of  carbonic  acid 
exhaled,  varies  according  to  the  food  upon  whi^'h  he  subsists.  Id 
dogs  fed  on  meat,  according  to  Regnault  and  Reiset,*  25  per  cent, 
of  the  inspired  oxygen  disappears  in  the  body  of  the  animal ;  but  when 
fed  on  starchy  substances,  all  but  S  per  cent.  rea]>pears  in  the  expired 
carbonic  acid.  Under  some  c:onditions,  there  may  l)e  a  difference  in 
the  opposite  direction ;  that  is,  more  oxygen  may  be  contained  in  the 
carbonic  acid  exhaled  than  is  absorbed  in  a  free  state  from  the  atmos- 
phere. In  some  of  the  experiments  of  Re;.'naiilt  and  Reiset,  with 
rabbits  and  fowls  fed  exclusively  on  bread  nntl  grain,  the  oxygen  in 
the  expired  carbonic  acid  was  101  or  102  per  cent,  of  that  taken  in  by 
respiration ;  and  even  in  man,  according  to  Doyere,  the  cjuautity  of 
oxygen  discharged  as  carbonic  acid,  may  be  considerably  greater  than 
that  absorbed.  But  in  general  it  is  the  revenue;  the  quantity  of 
oxygen  not  accounted  for  in  the  expired  carbonic  acid  being  habitually 
greater  in  the  carnivorous  animals  than  in  thi*  herbivora. 

These  facts  have  been  estabh'shed  by  direct  observation,  without 
reference  to  the  supposed  manner  in  which  (he  internal  changes  of 
respiration  take  |)lace.  Nevertheless,  they  are  siisct-plible  of  so  ready 
an  explanation  that  there  can  be  little  doubt  of  their  significance.  The 
simplest  case  would  be  that  of  an  herbivorous  animal  living  exelusivi-ly 
on  earlK>-hydrates,  as  starch  or  sugar.  Sinrf  these  subHtances  already 
contain  oxygen  and  hydrogen  in  the  proportions  to  form  water,  any 
further  oxidation  must  result  in  the  production  of  carbonic  acid;  and 
iu  this  ease  the  same  quantity  of  oxygen  as  that  taken  in  must  be 
returned  to  the  atmosphere  as  a  eonstituent  of  the  carbonic  acid 
exhaled:  the  nMiiaiudir  of  the  carbo-hydrate  being  separated  in  the 
fonii  of  water.     This  process  is  represented  in  the  following  formula: 


250 


FUNCTIONS    OP    NUTRITION. 


Starch.  Carbtmlc  acM.    Water. 

0»H,A  +  0.,  =  6(C0,)  +  5(11.0). 

In  an  animal  sopporlf^d  on  this  food,  the  whole  of  the  oxygen 
in  by  respiration  would  rcapi^ear  in  the  expired  carbonic  acid.     Bui 
in  an  animal  aho  eonsuininiiy  fatty  substances,  the  proportions  woiil 
be  chaiiffinl.     A*  those  matters  do  not  contain  enoug'h  oxyp^en  to  fo? 
water  with  their  hj'drogen,  more  oxypen  musJt  be  taken  in  with  tl 
breath  thiiti  i.s  needed  to  convert  their  carbon  into  carbonic  neid  ;  and 
part  of  it  will  consequently  disappf^r  from  the  gaseoua  prctducts 
respiration.     The  change  in  this  instance  is  as  follows: 

Oleli»e,  <?artionlo  nold.         Water, 

0„Hi«0.  +  0,«,  =  57(0O,)  -f  62(11,0). 

In  effectinp:,  therefore,  the  complete  disappearance  of  a  ffttty 
stance,  100  ports  of  oxyjren   will   be   absorlx-d,  and   only  114 
returned  in  the  carbonic  acid.     This  will  also  take  place  where  alht 
minous  matters  are  used  as  food,  since  all  the  nitrogen  of  these  sub- 
stances is  excreted  in  the  form  of  urea ;  and  after  the  separation  of 
nrea  from  albumen,  what  is  left  must  be  analoifous  in  composition 
fat ;  that  is,  containinjr  less  oxygen  than  would  be  required  to  conver 
its  hydrojEfen  into  water. 

It  is  no  doubt  for  these  reasons  that,  in  herbivorous  animals,  feedinj 
largely  on  carbo-hydrates,  the  oxygen  exhaled  in  the  carbonic  acid  ifl 
nearly  equal  to  that  taken  in   writh  the  breath ;   while  in  carnivoi 
which  consume  only  fats  and  albuminous  matters,  a  larger  proportioi 
of  oxygen  di?;a{)prars  from  the  jiroducts  of  respiration. 

Finally,  some  kinds  of  vegetubh'  food,  as  fruits  and  green  tissue 
contain  substances,  the  oxygen  of  which  is  more  than  sufficient  to  for 
water  with  their  hydrogen.    Such  are  the  salts  of  vegetable  acids,  like 
oxalic,  citric,  gallic,  malic,  and  tartaric  acid.     The  result  of  the  internal' 
consumptiuu  of  tartaric  acid,  for  example,  would  be  as  follows: 

TarUrU;  acid.  Carlmtiii'  a<:Ul.     Water. 

OtH,0.  +  Oft  =  4(C0,,)  ■[   8(11,0). 

In  this  instance  more  oxygen  will  be  exhaled,  in  the  carbonic  acid 
produced,  than  was  absorbed  from  the  atmosphere ;  liccause  a  super^H 
abundance  already  existed  in  the  material  nsed  as  food.  ^^ 

The  proportions  of  oxygen  and  carbonic  acid,  absorbed  and  expired 
in  re.^^piratioti,  will  theri'Tore  vary,  as  shown  by  Mayer,*  not  only  witl 
the  nature  of  the  food,  but  also  according  to  the  transformations,  withix 
the  living  organism,  of  one  nutritive  substance  into  another,  as  of  tk\ 
carbohydrate  into  a  fat,  or  of  either  into  an  organic  acid.  In  the  fer« 
mentation  of  glucose  (p.  57)  there  is  even  an  elimination  of  carbonic 
acid  without  any  absorjition  of  oxygen  whatever;  this  being  a  procese 
not  of  direct  oxidation,  but  of  the  rearrangement  of  elements  already 
present  in  the  sugar,  a  portion  being  exhaled  as  carbonic  acid,  while 
the  rest  remain  in  the  form  of  alcohol. 


^Lehrbuch  der  Agrikultur-Cheiiiie      Tleidelberg,  1871,  p.  101, 
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Changes  in  the  Blood  by  Sespiration. 

The  blood  as  it  drculntes  in  thn  artorial  system  has  a  brig^ht  scarlet 
color;  but  in  passing^  through  the  capillttrios  it  gradually  becomes 
durker,  and  on  arriving  in  the  veins  it  is  deep  purj^le,  or  in  some  situ- 
ations nearly  black.  There  are,  therefore,  two  kinds  of  blood  in  the 
body  ;  arterial  blood,  which  is  of  a  bri^'-ht  color,  and  venous  blood, 
which  is  dark.  The  dark  colored  venouw  blood  is  incapable,  in  thif* 
state,  of  supplyini^  the  organs  with  their  normal  Btiniulus  and  nutri- 
tion, and  has  thus  far  lost  its  value  as  a  circulatin*?  fluid.  It  is  accord- 
iuitrly  returned  to  the  heart  by  the  veins,  and  is  thence  sent,  throu^'^h 
the  pulmonary  artery,  to  the  lun|urs.  In  passinju'  through  the  ptiliuo- 
nary  circulation  it  reassumes  its  scarlet  hue,  and  is  again  converted  into 
arterial  blood.  Thus  the  most  striking  physical  effect  produced  in  the 
blood  by  respiration  is  its  change  of  color  from  venous  to  arterial. 

This  change  is  effected  by  the  air  in  the  pulmonary  cavities.  If  defi- 
brinated  blood,  recently  drawn  from  the  veins,  be  shaken  up  with  atmos- 
pheric air,  it  at  once  changes  its  color  and  acquires  the  bright  hue  of 
arterial  blood.  If  forced  by  injection  through  the  blood-vesseLs  of 
the  inflated  lungs,  it  exhibits  the  same  change.  In  a  dog,  or  other 
mammalian,  if  the  thorax  be  opened,  and  artificial  rcsi)iratJon  kept  up 
by  the  nozzle  of  a  bellows  inserted  into  the  trachea,  the  dark  venous 
^tlDod  can  lie  seen  in  the  great  veins  and  in  the  right  auricle  of  the 
I.  while  that  returning  from  the  lungs  to  (he  left  auricle  is  bright 
red.  If  respiration  be  suspended,  the  blood  soon  cea.«es  to  be  arterial- 
ized  in  the  lungs,  and  returns  to  the  left  auricU-  of  a  dark  venous  hue.  On 
recommencing  respiration,  the  blood  is  again  arterialized,  its  red  color 
reappearing  in  the  pulmonary  veins  and  the  left  cavities  of  the  heart. 

Simultaneously  ^\^th  its  alteration  of  color  during  the  pulmonary 
circulation,  the  blood  undergoes  a  change  in  its  gaseous  constituents, 
the  converse  of  that  which  is  produced  in  the  air ;  that  is,  it  absorbs 
oxygen  and  exhales  carbonic  acid. 

Pn^angp  of  Oxygen  into  the  Blood  in  Respiration. — The  oxygen 
which  dlsapiiears  from  the  air  in  the  lungs  is  taken  up  by  the  blood 
in  the  pulmonary  capillaries.  It  does  not  enter  into  immediate  chem- 
iral  union  with  the  organic  ingredients  ]>resent,  but  remains  in  such 
loose  combination  that  it  ruay  be  removed  from  the  blood  by  the 
air-pump,  or  by  a  current  of  hydrogen  or  nitrogen,  and  especially  by 
the  action  of  carbonic  oxide  (CO),  which  expels  it  completely.  Ac- 
cording to  a  large  number  of  observations,  its  (piantity,  in  the  arterial 
blood  of  the  dog,  may  vary  from  a  little  over  10  per  cent,  to  22  per 
cent,  by  volume ;  the  average,  in  the  experiments  of  SchoelTer  and 
Ludwig,*  being  about  15  per  cent. 

Nearly  the  vs'hole  of  the  oxygen  thus  taken  up  is  absorbed  by  the 
red  globules;  which  have  a  special  capacity  in  this  respect,  tliie  to 
their  hemoglobine.    This  is  shown  by  the  fact  that  the  aljsorl>ent 
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capacity  of  the  blood  for  oxygen  depends  on  the  presence  or  abeenco 
of  tho  red  globules.  According-  to  Magnus,  while  the  blood  contains 
more  than  twice  as  much  oxygen  as  water  could  hold  in  solution  at  tho 
same  temperature,  the  serum  alone  has  no  more  solvent  jmwer  for  this 
gas  than  pure  water;  and  ou  the  other  hand,  defibrinated  blood,  that 
is,  the  serum  and  globules  mingled,  dissolves  as  much  oxygen  as  the 
fresh  blood.  Pfliiger  found,  as  the  average  of  six  obsorvationa  on  tho 
arterial  blood  of  the  dog,  that  the  oxygen  in  the  entire  blood  was, 
by  volume,  lo.O  per  cent.,  while  in  the  scrum  alone  there  was  only 
0.2  per  cent.  According  to  the  same  observer,  tho  arterial  blood  in 
the  carotid  contains  nearly  though  not  quite  all  the  oxygen  which 
it  is  capable  of  holding  in  solution ;  since  a  specimen  of  dog's  blood 
drawn  directly  from  the  artery  contained  18.8  per  cent,  of  oxygen, 
which  was  only  increased  to  a  little  less  than  20  per  cent,  by  agitation 
with  atmospheric  air.  The  blood,  therefore,  either  does  not  become 
fully  saturated  with  oxygen  in  passing  through  the  lungs,  or  else  a 
little  of  this  gas  has  already  passed  into  some  other  combiiiation  before 
reaching  the  carotid  arteries. 

The  color  of  the  lihiod  depends  on  the  presence  or  absence  o/oxj/gen, 
not  ou  that  of  carbonic  acid.  Yenous  blood,  shaken  up  with  oxygen 
or  atmospheric  air,  at  once  assumes  the  arterial  tint,  though  its  car- 
bonic acid  may  remain.  According  to  Pfliiger  if  defibrinated  dog'a 
blood  i>e  placed  in  two  flasks,  and  shaken  up,  one  with  pure  oxygen, 
tho  other  with  a  mixture  of  oxygen  and  carbonic  acid,  both  Bpociniens 
will  present  the  ssaiiie  bright  color ;  both  of  tbcm  being  found  on 
analysis  to  contain  nearly  the  same  quantity  of  oxygen,  while  their 
proportions  of  carbonic  acid  are  different.  If  blood  be  dra\vn  after  the 
animals  have  been  made  to  breathe  pure  oxygen,  or  oxygen  and  car- 
bonic acid  mingled,  it  is  of  the  same  color  in  eacl>  instance ;  its 
percentage  of  oxygen  being  tho  same,  while  that  of  carbonic  acid  is 
different  in  the  two  cases. 

It  is  the  oxygen,  therefore,  which,  on  being  taken  up  by  the  blood- 
globules,  changes  their  color  from  dark  purple  to  bright  red.  It  paaaes 
ofl"  with  the  arterial  blood  in  this  condition,  and  is  then  distributed  to 
the  capillary  circulation.  Here,  as  the  blood  comes  in  contact  with  the 
tissues,  its  oxygen  in  great  measure  disappears,  and  its  color  is  again 
changed  from  arterial  to  venous. 

The  loss  of  oxygen  in  the  capillaries  of  the  general  circulation,  is 
due  to  its  transfer  from  the  blood-globules  to  the  tissues.  Nearly  all 
the  tissues  exert  an  absorbent  power  upon  oxygen,  when  exposed  to 
this  gas  or  to  atmospheric  air.  The  experiments  of  Paul  Bert*  have 
shovxni  that  the  fresh  tissues,  taken  from  the  body  of  the  recently 
killed  animal  and  exposed  to  the  air  in  closed  vessels,  absorb  oxygen 
with  diiferent  degrees  of  intensity,  in  tho  following  order,  namely: 
muscles,  brain,  kidneys,  spleen,  testicle,  and  pounded  bones.  Of  these 
the  muscles  are  the  most  active,  absorbing  50  cubic  centimetres  of 

*  lA>9ond  suit  la  FliyBlologie  ooinpar&i  dc  la  Respiration.    Paris,  1870,  p.  46. 


« 


RESPIRATION. 


263 


oxypen  for  every  one  hundred  prranimes  of  niuKcular  tissue ;  while  the 
hr>u«'!?i  ah-iorlj  only  a  little  over  IT  cubic  ccntinu'trt's  for  the  same  weight. 
The  jibsorbent  cft|)aeity  of  the  tissues  for  oxypen  is  even  greater 
than  that  of  the  blood.  This  was  shown  by  the  experiments  of  Spal- 
lanzani,  and  more  recently  l>y  those  of  Bert.  In  Bert's  ex|W'riments, 
three  equal  portions  of  recently  drawn  detihrinated  dog's  l>lood  were 
placed  in  test-tubes,  a  piece  of  fresh  muscular  tissue  from  the  same 
animal  being  added  to  one  of  them,  a  portion  of  the  spleen-tissue  to 
another,  and  the  third  left  to  itself  After  a  time  it  was  found  that 
the  tisunes  had  abstracte*!  oxygen  from  the  blood  with  which  they  were 
in  contact,  bo  that  in  these  two  specimens  the  quantity  of  oxygen 
remaining  was  less  than  in  the  third,  us  follows : 

QrAKTlTY  OF  OSYOKN  DY   Voi.tMR  RKHAimNO  IN 

Blood  left  to  itwlf 18  pvr  cent. 

Blofxl  contAinin^  spleen  tissue      .         .        .         .         12       " 
niiiixl  oontrtiniTig  niuwulrtr  tissno  ...  6       " 

Finally,  successive  analyses  of  the  blood,  as  it  passes  from  the 
artcrirs  to  the  veins,  show  that  its  loss  of  oxygen  is  mainly  in  the 
capillary  circxilation.  In  goneral,  according  to  Pflnger.  the  quantity  uf 
oxygen,  by  volume,  in  arterial  blood  is  15.6  ^wr  cent.  ;  in  venous  blood 
8  per  cent. ;  that  is,  it  is  reduced  alumt  one-lialf  in  the  capilliirics  of  the 
peneral  circulation.  But  in  the  blood  of  the  hepatic  veins,  which  has 
passed  through  a  double  sot  of  capillary  vessels,  the  loss  of  oxygen 
is  much  greater.  B«Tnard*  found  that  in  the  same  dog,  blood  from 
different  parts  of  the  circuhitory  system,  yielded  the  following  quantities 
of  oxygon : 

QUANTrrT  OF  OXYOEI*  BY  VoLtlMK  W 

Arlerinl  MoikI 18.93  per  cent. 

Vl'Uous  blood  from  right  side  of  heart     .         .  9.93        " 

Venous  blood  from  hepatic  veins     .         .         .  2.80        " 

Thus  the  Idood-glohules  serve  as  caiTiers  of  oxygen  from  the  lungs 
where  it  is  absorbed,  to  the  tissues  where  it  is  consumed ;  the  first 
object  of  respiration  being  to  supply  oxygen  to  the  blood,  in  order  that 
the  blood  may  supply  it  to  the  tissues. 

Exhalation  of  Carbonic  Acid  %  the  Blood.^-The  venous  lilood,  as 
It  returns  to  the  heart,  is  charged  with  carbonic  acid  to  such  an  extent 
that  a  |)ortion  of  this  gas  is  exhaled  through  the  pulmonary  mem- 
brane, and  discharged  with  the  breath.  Its  quoutity  in  the  liluod 
ha.'^  not  been  determinod  with  the  same  accuracy  ns  that  of  oxygen. 
Carbonic  oxide,  which  is  so  elliciinit  for  the  extraetion  of  oxygen  from 
the  blood,  displaces  only  a  portion  of  its  carbonic  acid;  and  in  the 
expfTiments  of  Bernard,  the  maximum  quantity  of  carbonic  acid 
obtained  from  venous  blood  by  this  means  was  only  about  fi.5  percent. 
A  much  larger  proportion  may  bo  extracted  by  the  mercurial  air-pump, 
amounting  on  the  average,  in  the  experinrents  of  Ludwig,  to  about  28 

*  Liquidefi  de  rOrganisaii;.     Paria,  1859,  tome  i.,  p.  394. 
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per  cent,  for  arterial  Idood,  and  about  31  per  cent,  for  vonona  Woo 
But  a  larpfc  part  of  the  carbonic  acid  obtainable  in  this  way  does  n 
exist  in  the  blood  in  a  free  fornij  but  in  combination  with  the  alkaline 
carbonates  of  the  plasma  ;  since  a  watery  solution  of  sodium  bicarbon- 
ate will  lose  a  jwrtion  of  its  carbonic  acid,  and  become  rcducinl  to  a 
carbonate  by  being  subjected  to  a  vacuum,  or  even  by  agitation  with 
hydrogen  at  the  temperature  of  the  body.  Lehmann*  found  that 
after  the  expulsion  from  ox's  blood  of  all  the  carbonic  acid  removable 
by  the  air-pump  and  a  current  of  hydrogen,  there  still  romaiood 
0.1628  per  cent,  of  sodium  carbonate,  with  which  a  certain  quantity 
of  the  carbonic  acid  previously  given  off  must  have  been  united  in  the 
form  of  bicarbonate. 

It  is  estimated  by  Bert,  from  the  experiments  of  Fernet,  that  a  por- 
tion of  the  carbonic  acid  of  the  blood  is  in  simple  solution,  and  a  portion 
combined  with  the  alkaline  salts  ;  the  blood,  when  artificially  saturated 
with  this  gas,  containing  about  three-fifths  in  a  state  of  solution,  and 
a)>out  two-fjJ'ths  in  a  state  of  ctimbiuation.  We  do  not  know,  how- 
ever>  what  this  proportion  is  in  the  living  body ;  and  the  large 
amount  of  carbonic  acid  removable  by  a  vacuum  does  not  represent 
accurately  that  which  is  capable  of  exhalation  through  the  pulmo- 
nary membrane.  This  quantity  is  very  much  smaller.  Wo  know  that, 
on  the  average,  13  cubic  centimetres  of  carbonic  acid  are  discharged 
from  the  lungs,  in  man,  with  each  cx|)iration  ;  and  during  this  interval, 
judging  from  the  capacity  of  the  heart,  and  its  freqtieticy  of  pulsation, 
there  can  hardly  be  less  than  4(»0  cubic  centimetres  of  blood,  pass- 
ing through  the  pulmonary  circulation.  This  would  give  only  a  little 
over  three  per  cent,  as  the  volume  of  carbonic  acid  discharged  from  a 
given  quantity  of  blood  in  respiration.  The  average  results  obtained 
by  extraction  with  the  mercurial  air-pump,  in  the  experiments  of  Lud- 
wig,  give  this  quanliiy  as  the  actual  difference  between  venous  and 
arterial  blood,  as  follows : 

AVKRAOE   Ql'ANTITY    OF    CaRBONIO    AoID   BRUOVABLK  BT   THE    AlR-pTTMP,  ritOlC  ' 

Venous  bliK)d 31.27  per  cent. 

Arterial  blood 27.99       " 

l>ifft>reiice     . 3.28      " 

All  tlie  different  modes  of  analysis,  whether  by  carbonic  oxide,  indif- 
ferent gases,  or  the  air-pump,  though  differing  in  the  quantity  extracted, 
show  that  there  is  less  carbonic  ncid  in  arterial  than  in  venous  blood, 
and  accordingly  that  this  gas  is  exhaled  from  the  circulating  fluid  during 
Its  passage  through  the  lungs. 

Unlike  oxygen,  tlie  carbonic  acid  of  the  blood  is  principally  contained 
in  the  pfasma,  and  not  in  the  globules ;  since  the  serum  has  nearly  the 
same  capacity  of  absorption  for  this  gas  as  the  entire  blood. 

Source  of  the  Caritonic  Acid  of  the  Blood. — The  source  of  the  car- 
bonic acid  of  the  blood,  bis  well  aa  the  destination  of  its  oxygen,  is  in 

*  Physiological  Chemistry,  Cavendifib  edition.     London,  1854,  voL  L,  p.  4SS. 
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le  tissnefl.  Every  organized  tissue,  in  the  recent  condition,  has  the 
p<jwer  both  of  abi^orbiiiji:  oxygen  and  of  exhaling  carbonic  acid,  G. 
Li<*big  showed  that  frogs'  muscles,  recently  prepared  and  freed  from 
blood,  will  ai>sorb  oxygen  and  discharge  carbonic  acid.  Similar  exper- 
iments with  other  tissues  have  led  to  the  same  result.  It  is  in  their 
substance,  accordingly,  that  the  oxygen  is  consumed,  and  the  carbonic 
acid  takes  it3  origin.  But  these  two  phenomena  are  not  immediately 
dependent  on  each  other.  In  some  instances,  living  animals  as  well  as 
fresh  animal  tissues  will  continue,  for  a  time,  to  exhale  carbi>nic  acid 
in  BD  atmosphere  of  hydrogen  or  of  nitrogen,  or  even  in  an  exhausted 
Iver.     Marchand  found  that  frogs  would  live  from  half  an  hour  to 

hour  in  pure  hydrogen;  and  that  during  this  time  they  exhaled  even 
more  carbonic  acid  than  in  atmospheric  air,  owing  prol)ably  to  the 
su|>erior  displacing  power  of  hydrogen  for  this  gas.  While  1000 
grammes*  weight  of  frogs  exhaled  about  0.077  gramme  of  carbonic 
I  field  per  hour  in  atmospheric  air,  they  exhaled  during  the  same  time 
in  pure  hydrogen  as  much  as  0.263  gramme.  The  same  observer 
found  that  frogs  would  recover  after  having  remained  for  about  half 
an  hour  in  a  nearly  complete  vacimm  ;  and  that,  when  Jiilled  by  the 
total  abstraction  of  air,  1000  grammes'  weight  of  the  animals  had 
eliminated  0,600  gramme  of  carbonic  acid.  Similar  facts  were  observed 
by  Spallanzani;  and  Paul  Bert*  found  thai  while  a  certain  quantity  of 
fresh  muscular  tissue,  in  atmospheric  air,  exhaled,  in  a  given  time,  30 
ctibic  centimetres  of  carbonic  acid,  the  same  quantity,  in  pure  hydrogen 
exhaled  23  cubic  centimetres  during  the  same  time.  lie  even  found 
that  the  exhalation  of  carbonic  acid  would  continue,  in  an  atmosphere 
of  nitrogen,  from  muscidar  tis,sue  which  had  previously  been  subjected 
for  a  quarter  of  an  hour  to  the  action  of  a  vacuum. 

It  is,  furthermore,  evident  that  in  this  internal  process,  as  in  the 
external  phenomena  of  respiration  by  the  limgs,  the  quantities  of  oxy- 
gen absorbed  and  of  carbonic  acid  exhaled  are  not  always  in  the  same 
relation.  Thus  in  the  cxpcrimi^nts  of  Bert  on  the  gases  absorbed  and 
discharged  by  the  tissues,  in  some  instances  the  volume  of  carbonic 
acid  produced  was  greater,  and  in  others  less  than  that  of  the  oxygen 
consumed  ;  the  proportions  of  the  two  varying  considerably  in  differ- 
ent eases. 

The  following  list  gives  the  result  of  a  series  of  these  experinients : 

QrANTITT   UF   O   AND   CO,   AbSOBBBD  AND  ExRALED   DCmNO   24   UoUBS, 

IS  Cubic  CsNTniBTREB. 


By  100  pnannaa  of 

Oxygen  absorbed.              < 

l^bonic  Kcid  exhaled. 

Muwle 

50.8 

6«.8 

Brain  .         .         .        . 

46.8 

43.8 

Kidneys 

37.0 

1S.6 

Spleen 

27.3 

lfi.4 

Testicles 

18.3 

27.6 

Pounded  bones     . 

17.3 

8.1 

*  Le9oiia  aur  la  Pfayaiologie 

comp«r6e  d«  1a  Betpimtion. 

Paris,  1870,  p.  49. 
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mill  M  (.  nil  i.rii.  i|  fiiMii  till-  jiiti-  lifi/"  with  if-  orL'anic  characters  unira- 
|.Mii.i|  III  iiii  hiiii..  i|,(.  j,ri,fi-.i.j  of  nspirati'-in  consi^*?  in  the  ab<:or]v 
iimm  ..I  iM  vj"  ri  imd  <  \ Itiiliiiion  oj  i-urlMiiiic  arid.     These  two  gases  pa^JS 
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other  in  the  pulmonary  cavities,  on  their  way  to  and  from  the 
blood ;  neither  of  them  being  produced  or  consumed  in  these  organs. 

In  the  blood,  the  plasma  consists  mainly  of  organic  substances  in 
solution,  and  oxygen  ia  abundant  in  the  globules  in  a  state  of  loose 
combination.  But  the  union  of  the  two  certainly  does  not  take  place 
in  the  blood.  Oxygen  disappears  from  it  in  the  capillary  circulation, 
and  is  replaced  by  carbonic  acid  derived  from  the  tissues.  According 
to  the  view  now  generally  accepted,  the  functions  performed  by  the 
blood  are  rather  physical  than  chemical  in  their  nature.  It  is  a  vehicle 
of  transportation  for  nutritious  matters  from  the  alimentary  canal  to 
various  organs,  and  for  oxygen  and  carbonic  acid  between  the  tissues 
and  the  lungs.  It  collects  or  disseminates  substances  which  hare 
tdy  been  prepared  in  other  parts,  and,  as  a  general  rule,  conveys 
unchanged  to  their  destinations.  Even  a  substance  like  pyrogallic 
acid,  80  readily  oxidizable  in  an  alkaline  solution  that  it  is  employed 
for  the  quantitative  determination  of  ox^'gen  in  the  air,  when  intro- 
duced into  the  animal  system  passes  through  it  without  alteration, 
and  reappears  in  the  urine,*  There  is  no  evidence  that  the  blood 
exerts  anywhere  a  direct  oxidizing  action. 

Finally,  in  the  substance  of  the  tissues  and  organs,  it  is  evident  that 
the  carbonic  acid  which  they  produce  is  not  the  immediate  result  of  the 
absorption  of  oxygen.  Its  continued  exhalation  in  an  atmosphere  of  ni- 
lrog€'n,  or  of  other  indifferent  gases,  shows  that  it  originates,  in  all  prob- 
ability, by  a  separation  of  its  elements  from  other  previously  existing 
forms  of  combination.  Furthermore,  the  alteration  of  the  organic 
ingredients,  so  far  as  we  can  follow  them  in  the  living  body,  consists 
largely  of  hydrations  and  dehydrations  under  the  influence  of  the  ani- 
mal ferments.  Glucose,  when  absorbed  from  the  alimentary  canal,  is 
reduced,  by  dehydration  in  the  liver,  tt»  the  form  of  glycogen,  which, 
in  turn,  is  agaui  converted  by  hydration  into  soluble  glucose.  The 
formation  of  glyeocholic  from  taurocholic  acid  (p.  109)  is  a  dehydration 
with  elimination  of  sulphur,  while  biliverdine  is  produced  from  biliru- 
bine  (p.  101)  by  hydration  with  oxidation.  On  the  other  hand,  the 
derivation  of  urobiline  from  hilirubine  (p.  102)  can  only  be  accomplished 
by  a  reduction  process ;  and  the  formation  of  fat  in  the  l>ody  from  car- 
hohydrates  (p.  63)  is  undoubtedly  accompanied  by  the  eliiuination  of 
carbonic  acid  and  the  production  of  other  substances  at  the  same  time. 

From  all  these  facts  it  appears  that  the  transformation  of  tissue  in 
the  body  is  not  a  simple  act  of  combustion,  regulated  by  the  supply  of 
oxygen  to  the  lungs.  It  is  one  in  which  the  tissues  appropriate  the 
oxygen  conveyed  to  them  by  the  blood,  to  form  intermediate  com- 
pounds, and  in  which  they  finally  eliminate  carbonic  acid  as  the  most 
abundant  product  of  their  retrograde  metamorphosis. 


•Qorop-Besanez.  Lehrbach  der  PhyBiologisclien  Chemie.     Braiinscbwetg,  1878, 
p.  699.     Ewald.  Die  Lehre  von  der  Vtrdauiing.     Berlin,  1879,  p.  6. 

B 


CHAPTER    V. 

ANIMAL    HE  A  T. 

ONE  of  the  cLaractcristic  properties  of  living  creatures  is  that  of 
maintaining-,  more  or  less  constantly,  a  ataudarU  temperature,  not- 
withstanding the  external  changes  of  heat  or  cold  to  which  they  are 
subjected.  If  a  bar  of  iron  or  a  ve&sel  of  water  be  heated  to  a  tem- 
perature above  that  of  the  surrounding  air,  and  then  left  to  itself,  it 
will  at  once  begin  to  (ohc  heut  by  radiation  and  conduction;  and  this 
loss  will  continue  until,  after  a  time,  its  temperature  is  reduced  to  that 
of  the  atmosphere.  It  then  remains  stationary  at  this  point,  uoleas 
the  atmosphere  should  become  warmer  or  cooler ;  in  which  case  a 
similar  change  takes  place  in  the  iuorgauic  body,  its  temperature  vary- 
ing with  that  of  the  surrounding  mediunj. 

With  man  and  animals  the  case  is  difterent.  If  a  thermometer  b© 
introduced  into  the  rectum,  or  placed  under  the  tongue,  it  will  indicate 
in  man  a  temperature  of  from  37^  to  SH'^  C.  (about  100*^  F.),*  whether 
the  wirrounding  atmosphere  bo  warm  or  cool.  This  internal  bodily 
temperature  is  sensibly  the  same  in  summer  and  in  Minter.  Although 
the  external  air  may  be  at  the  freezing  point,  the  internal  parts  of  tho 
body,  when  examined  by  the  thermouietiT,  will  indicate  their  usual 
standard  of  warmth ;  and  in  ordinary  summer  weather  the  temperature 
of  the  air  is,  for  the  most  part,  many  degrees  below  that  of  the  living 
body.  As  the  body,  however,  by  exposure  to  such  an  atmosphere  must 
be  constantly  losing  heat  by  radiation  and  conduction,  and  yet  main- 
tains  a  staudarcl  temperature,  it  is  plain  that  a  certain  amount  of  heat 
must  be  generated  in  its  interior,  sufficient  to  compensate  for  the  ex- 
ternal loss.  The  internal  heat,  so  produced,  is  known  by  the  name  of 
aninwl  heat. 

Thus  it  is  by  its  own  internnl  heat  that  the  body  is  warmed.  The 
clothing  used  by  man,  and  the  fur,  wool,  or  feathers  by  which  animala 
are  protected,  have  no  warmth  in  themselves  ;  they  simply  prevent 
the  body  from  losing  heat  too  rapidly,  and  thus  becoming  cooled  down 
below  its  normal  standard.  Even  thi*  furnaces  and  fires  of  a  dwelling 
house  only  serve  to  moderate  the  cooling  influence  of  the  air;  for  the 
atmosphere,  even  in  the  warmest  apartment,  never  rises  to  the  heat 
of  the  living  body,  which  ie  still  the  only  source  of  its  own  vital 
temperature. 

Difference  of  Temperature  in  Difft^rent  Classes  of  Animals. — The 

*  To  convert  degrees  of  the  Centigrade  scale  into  the  corresponding  value  for  the 
Fahrenheit  ncale,  iDaltipl^  b7  1.8  and  add  32  to  the  product, 
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prodaction  of  internal  heat  varies  in  intensity  in  different  classes  of 
animals.  As  a  rule,  it  is  most  active  in  binls',  whose  temperature 
is  in  general  46°  C.  In  nmninialians  it  is  37^  to  40^;  and  in  man 
aboat  37.f)°.  As  in  these  two  classes  the  internal  organs  and  the  blood 
are  nearly  always  above  the  temperature  of  the  air  or  that  of  the  skin, 
and,  accordingly,  feel  warm  to  the  touch,  they  are  called  "  warm-blooded 
animals."  In  reptiles  and  fish,  ou  the  other  hand,  the  production  of 
heat  is  much  less  rapid,  and  preponderates  so  little  over  that  of  the  air 
or  water  which  they  inhabit,  that  no  marked  difference  is  perceptible 
on  cursory  examination ;  and  as  their  internal  organs  have  a  lower 
temperature  than  our  own  integument,  and  consequently  feel  cool  to 
the  touch,  they  arc  called  "cold-blooded  animals."  This  difference, 
however,  is  only  in  degree  and  not  in  kind.  Reptiles  and  fish  also 
generate  a  certain  amount  of  beat,  which  may  be  measured  by  the  ther- 
mometer. The  temperature  of  frogs,  seqients,  tortoises,  water-lizards, 
and  fish  has  been  found  to  be  from  1.7°  to  4.5°  above  that  of  the  Bur- 
rounding  air  or  water. 

In  invertebrate  animals  the  heat  produced  is  usually  still  less  perce|V 
tible  because,  from  the  greater  surface  of  their  bodies  in  proportion  to 
their  mass,  the  warmth  is  more  rapidly  dissipated.  But  when  many 
of  them  are  collected  in  a  small  space,  and  especially  when  in  a  state 
of  activity,  their  heat  is  distinguishable  by  themiometric  niea-surement. 
The  temperature  of  the  butterfly  after  active  motion  has  lieen  found 
from  2.77°  to  5°  above  that  of  the  air;  that  of  the  bumble-bee  from 
1.5°  to  5,5°  higher  than  the  exterior.  According  to  Newport,  the 
interior  of  a  hive  of  bees  may  have  a  temperature  of  9°  with  the 
external  atmosphere  at  1.4°,  even  while  the  in.sects  are  quiet;  but  if 
they  be  excited  by  tapping  on  the  hive,  it  may  rise  to  88.8°.     Thus 

long  as  the  insects  are  at  rest,  the  thermometer  indicates  a  very 
moderate  warmth ;  but  if  kept  for  a  few  moments  in  rapid  motion  in  a 
confined  space,  they  may  generate  sufficient  heat  to  produce  a  sensible 
elevation  of  temperature. 

The  production  of  heat  is  not  confined  to  animals,  but  takes  place 
atao  in  vegetables.  In  vegetables,  however,  it  is  very  rapidly  lost, 
owing  to  the  extensive  surface  presented  by  their  ramifications  and 
foliage,  and  the  abundant  evaporation  of  moisture.  If  this  loss  be 
diminished  by  keeping  the  air  charged  with  watery  vapor  and  thus 
preventing  evaporation,  the  elevation  of  temperature  becomes  sensible 
and  may  be  measured.  Dutrochet*  demonstrated,  by  the  use  of  the 
thermo-electric  needle,  that  nearly  all  parts  of  a  living  plant,  such  as 
the  green  stems,  the  leaves,  the  buds,  and  even  the  roots  and  fruit, 
generate  heat  to  some  degree;  the  ma.ximum  temperature  thus  reached 
being  about  0.28"  above  that  of  the  surrounding  atmosphere.  Sub- 
aequent  observations  have  shown  that  in  certain  periods  of  vegeta- 
tive activity,  as  in  those  of  germination  and  flowering,  the  development 


*  Annale*  dm  Sciences  natarellee.    Paris,  2me  B^e,  tome  xii.,  p.  277. 
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of  heat  is  much  more  rapid.     In  the  malting  of  barley,  when  a  coi 
Biderable  quantity  of  gcrminatinir  prrain  is  piled  in  a  mass,  its  clcvatioi 
of  temperature  may  be  distinguished,  lioth  by  the  hand  and  the  th( 
mometer.     The  most  abundant  heat-production  by  vegetables  is  in  ll 
flowers  of  the  Araceae  (Calla,  Indian  turnip,  Sweet  flag)  at  the  tit 
of  fecundation,*  which  isometinies  show  a  temperature  of  from  5^  to" 
lO"*  above  that  of  the  surrounding  air. 

The  gencratiou  of  heat  is,  accordingly,  a  phenomenon  common  to  all 
living  organisms.     When  the  mass  of  the  body  is  large  in  proportioi 
to  its  extent  of  surface,  its  heat  is  readily  perceptible  both  by  tl 
touch  and  by  the  thermometer.     la  birds  and  uiamnmliaas  the  h< 
production  is  more  active  than  in  reptileji  and  lish ;  and  even  in  diffei 
ent  species  of  the  same  class,  it  differs  in  degree  according  to  tha] 
special  organization  of  the  animal   and   the   general  activity  of  its 
functions. 

Qnantiiij  of  Heat  in  (he  Limng  Body. — The  quantity  of  heat  pro- 
duced in  the  body  within  a  given  time  is  measured  by  the  increase  of 
temperature  which  it  produces  in  a  known  volume  of  water.     Draperf 
found  that  the  human  body,  with  a  volume  nf  about  85  litres  (3  cubic | 
foot)  and  a  weight  of  81.r>5  kilogrammes  (180  pounds  avoirdupois),  bj^ 
remaining  in  the  bath  for  one  hour,  could  raise  the  tcmi>erature  of  2IS^ 
kilogrammes  of  water  1.11^  ;  which  ho  estimates,  assuming  the  specific 
heat  of  the  body  to  bo  about  the  same  with  that  of  water,  would  h9\ 
capable  of  warming  the  body  itself  2.77*'      But  as  the  temperature  of 
the  body,  in  the  observation  quoted,  was  lowered  0.55°  while  in  the 
bath,  the  heat  actually  generated  would  be  capable  of  warming  the 
body,  or  an  equal  volume  of  water,  2.22-.     This  would  Ij<>  equivalent 
to  188.7  heat  unit.>*,|  produced  by  the  human  body  in  the  course  of  ooQ 
hour^  or  2.31  heat  units  for  every  kilogramme  of  bodily  weight. 

In  the  experiments  of  Senator  §  on  the  heat-]>roducing  power  in  doga^ 
the  animals  were  inclosed  in  a  copper  cage,  through  which  ventilation 
was  kept  up  at  a  known  rate,  the  temperature  of  the  incoming  and 
outgoing  air  being  noted  at  .short  intervals.  The  cage  was  surrounded 
by  a  known  volume  of  water,  at  from  26.5°  to  29°  C,  and  the  whole 
apparatus  inclosed  in  an  outer  case  made  as  non-conducting  as  possible  ; 
the  heat  actually  lost  from  it  being  delerniined  by  preliminary  obser- 
vation. The  internal  temperature  of  the  animal  hav  iug  been  taken, 
he  was  introduced  into  the  cage  and  allowed  to  remain  for  a  certain 
time.  The  heat  produced  was  ascertained  by  the  increase  of  temper- 
ature in  the  water  surrounding  the  cage,  the  result  being  corrected 
by  that  of  the  air  used  for  ventilation,  as  well  as  by  the  variation  in 

•  Sachs,  Trait*  de  Botnnique.     Paris,  1874,  p.  847. 

t  American  Journal  of  Science  and  Arta.     New  Haven,  1872,  vol.  iL,  p.  446. 

X  A  heat  unit  is  llie  quantity  of  heat  required  to  raise  the  temperature  of  one  kilo- 
gmmmc  of  water  from  0°  to  1°  of  the  Centigrade  scale. 

S  Arcbiv  fur  Anatomic,  PhyHloIogie,  und  wifisenscLaftlicbe  Mediciu.  Leipzig, 
1872. 
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ature  of  the  animal,  rmd  the  loss  from  the  apparatus  by  eactf  rnal 
cooling.  By  this  method  it  was  found,  ae  the  averapro  result  of  five 
observations,  that  a  dog  of  5.392  kilogramnips'  weight,  at  rest  and  in 
the  fasting  condition,  produced  in  one  hour  12.(53  beat  unit*;  that  is, 
2.34  heat  units  for  every  kilograninip  of  bodily  weight.  According 
to  these  erperiments,  the  heiit-|trodu<'ing  power  in  the  dog  and  that 
in  roan  are  nearly  the  gianie ;  that  of  the  dog  being  rather  the  more 
active  of  the  two. 

XoT^mal  Variation  erf  Temperature  in  the  Living  Body. — The  tem- 
perature of  the  body  is  not  the  sanie  throughout,  but  increases,  for  a 
certain  distance,  from  the  exterior  toward  the  eentral  parts.  Like  any 
other  substance  of  higher  tc'mj)erature  than  the  air,  the  animal  body 
is  constantly  losing  heat  from  it^  surface ;  so  that  the  integument  and 
the  purt^  immediately  subjacent,  which  are  more  exposed  to  this  cool- 
ing influence  than  the  internal  organs,  have  a  temperature  slightly 
below  that  of  the  body  in  general.  Accordingly,  whenever  the  external 
air  rises  to  the  neighborhood  of  37°  or  37.5°  C,  it  feels  uncomfort- 
ably warm;  because,  although  this  is  the  normal  temperature  of  the 
internal  nrgans,  it  is  considerably  above  that  of  the  skin,  which  is 
readily  sensitive  to  variations  of  cold  or  warmth  The  cooling  influ- 
ence of  the  atmosphere  is,  however,  moderated  by  the  circulatory  move- 
ment of  the  blood;  since  the  warmer  blood  coming  from  the  internal 
parts  supplies  the  integument  with  fresh  f[uantitie3  of  heat,  and  thus 
tends  to  comyiensate  for  its  external  loss. 

But  notwith.ctanding  this  compensation,  the  difference  in  temperature 
between  the  external  and  internal  pnrts  of  the  body  is  always  per- 
ceptible during  health.  If  the  bulb  of  a  thorniometer  be  held  for  some 
minutes  between  the  folds  of  skin  in  the  palm  of  the  hand,  it  will 
stand  at  86.4°;  in  the  axilla,  at  3(i.f>° ;  under  the  tongue,  it  vfill  reach 
37.2^  ;  in  the  rectum,  37.5*^ :  and  Dr.  Beaumont  found,  in  the  case  of 
Alexis  St.  Martin,  that  the  thermometer,  introduced  into  the  stomach 
through  the  gastric  fistula,  often  indicated  a  temperature  of  37.8°.     It 

evident  that,  in  order  to  a.scertain  the  internal  temperature  of  the 
the  bulb  of  the  thermometer  should  Ix-  inserted  so  deeply  as  to 
pttBS  beyond  the  superficial  zoue  olTected  by  the  process  of  external 
cooling.  Even  when  beneath  the  tongue  it  is  in  contact  with  parts 
which  are  slightly  cooled  by  the  passage  of  the  air  in  respiration, 
and  accordingly  does  not  reach  the  niaxinium  tempi-rattire  of  the  body. 
For  this,  it  must  be  so  deeply  inserted  into  the  altduminal  cavity  or  the 
rectum,  that  a  further  introduction  produces  no  increase  in  the  indicated 
perature.  This  is  the  method  usually  adopted  in  physiological 
ations. 

Bc'^ide  the  diRcrence  from  the  above  cause  betw^een  the  surface  and 
the  interior,  the  internal  temixrature  also  varies  within  narrow  limits, 
according  to  different  physiological  conditions.    Jiirgensen  *  has  shown 
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that  in  man  there  is  a  diurnal  variation,  the  temperature  during  the 
day  being  a  little  higher  than  at  night,  even  when  both  periods  are 
passed  in  complete  repose.  A  series  of  observations  on  the  same  indi- 
vidual in  a  state  of  rest  gave  the  following  averages : 

Tempekatube  of  the  Human  Body  whex  at  Rest. 
By  day.  By  night. 

87.34°  3G.91° 

The  diflferenee  between  the  two  averages  amounts  to  0.43°.  There 
are  also  temporary  variations  of  small  extent  during  each  of  the  above 
periods ;  the  greatest  variation  during  the  day  being  0.27°  ;  that  during 
the  night  0.15°. 

The  temperature  of  the  body  is  also  increased  by  muscular  activity. 
It  is  a  matter  of  common  observation,  both  in  man  and  animals,  that 
temporary  exertion  produces  an  increase  of  bodily  warmth.  Jiirgensen 
observed  in  the  same  individual  that  while  during  a  day  of  absolute 
rest,  the  maximum  temperature  attained  was  3t.7°,  under  the  influence 
of  exercise  it  reached  38.8°.  A  much  more  striking  difference,  corre- 
sponding with  muscular  repose  or  activity,  has  already  been  mentioned 
as  observable  in  insects. 

The  animal  temperature  is  furthermore  increased  or  diminished  by  a 
condition  of  digestion  or  abstinence.  This  was  indicated  in  several 
instances  by  the  observations  of  Jiirgensen  on  man,  but  is  shown  in 
a  marked  degree  by  those  of  Senator  on  the  dog,  in  which  the  pro- 
duction of  heat  was  sensibly  diminished  by  fasting,  and  increased  by 
food.  The  following  table  shows  the  heat  produced  by  the  same  animal 
under  these  two  conditions : 

QUANTITT   OF   HeaT   W{01>CCED   BY   THE   DoG   IN'  OSE   IIorR, 

After  two  days'  fastinj? 10.90  heat  units. 

After  one  day's  fastinp 12.63         " 

One  hour  after  feeding 18.87         " 

As  the  production  of  animal  heat  can  only  take  place  by  the  con- 
sumption or  alteration  of  the  bodily  ingredients,  it  is  evident  that 
during  abstinence  from  food,  the  material.-^  susceptible  of  this  change 
must  diminish  in  quantity ;  and  the  tcmj>eraturc  of  the  body  after  a 
time  becomes  lowered,  owing  to  a  deficiency  in  its  sources  of  supply 

Mode  of  Production  of  Animal  Heat. 
In  all  instances,  so  far  as  observation  goes,  the  production  of  heat  in 
living  organisms  is  in  proportion  to  the  activity  of  their  internal  change.s. 
These  changes  are  especially  indicated  by  the  absorption  of  oxygen 
and  the  exhalation  of  carbonic  acid.  Even  in  vegetables,  it  has  been 
demonstrated  that  the  absorption  of  oxygen  is  always  accompanied  by 
the  exhalation  of  carbonic  acid  and  the  production  of  heat;  and  the 
quantity  of  heat  produced  is  greatest  during  the  processes  of  germina- 
tion and  flowering,  which  arc  accompanied  by  the  most  active  absor]i* 
tion  and  exhalation  of  oxygen  and  carbonic  acid  respectively. 
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similar  relation  is  luaQifcgi  in  the  autinal  kiDjordotu.  Birds  and 
maminalians,  whose  respiration  is  most  active,  have  the  hig-hest  temper- 
ature ;  while  in  reptiles  and  fish,  where  the  respiniLion  it;  sluggish,  the 
production  of  beat  is  alsu  leas  abundant.  The  couuection  between  the 
two  pbeuotuena  is  espocialjy  observable  in  hibernating  animal:;,  in 
which,  during  the  winter  sleep,  respiration  becomes  comparatively  inac- 
tive, aijd  the  budily  temperature  i.s  reduced  to  a  very  low  standard. 
In  the  observations  of  Horvalh  *  on  marniotd,  he  found  that  these 
animnli^  during  cold  weather  are  plunged  in  a  profound  tJtupor,  in  which 
their  respiration  is  very  infrequent  and  sometimes  hardly  perceptible. 
At  certain  intervals  they  awake  for  a  short  time,  and  again  return  to 
the  state  of  insensibility.  The  internal  temperature  of  the  animal,  when 
a^vake,  was  from  35-'to  37°  C;  while,  in  the  hibernating  condition,  it 
MTHiy  reduced  to  10-,  9^,  or  even  to  2'^,  according  to  that  of  the  sur- 
rounding air.  On  awaking,  the  temperature  rapidly  rises.  In  one 
animal,  during  sleep,  it  was  from  9'^  to  lO*^ ;  but  on  awaking  it  rose 
in  one  hour  to  19  \  in  two  hours  to  17°,  and  in  two  hours  and  a  half 
to  32'.  Respiration  varies  in  activity  to  a  similar  degree.  A  marmot 
weighing  153  grammes  produced,  while  in  the  comatose  condition, 
O.015  gramme  of  carbonic  acid  per  hour;  and  two  days  afterward, 
when  awake,  produced  0.513  gramme  in  the  same  time,  that  is,  more 
than  thirty  times  as  much  as  when  in  the  state  of  hilveruation. 

These  facts  indicate  so  close  a  relation  between  the  intensity  of  res- 
piration and  that  of  heat  production,  that  either  one  of  these  processes 
may  Ije  taken,  in  general  terms,  as  the  measure  of  the  other;  particu- 
larly Bs  respiration  consists  in  the  absorption  of  oxygen  and  the  exhala- 
tion of  carbonic  acid,  and  as  the  oxidation  of  carbonaceous  matters, 
outride  the  body,  is  one  of  our  readiest  means  for  the  production  of 
beat. 

But  respiration  is  not  exclusively  connected  with  heat-production. 
It  is  essential  to  all  the  manifestations  of  animal  life,  and  may  be  taken 
as  the  criterion  of  vital  activity  in  general ;  and  a  further  study  of 
its  phenomena  shows  that  the  heat  of  the  living  body  cannot  l)e  con- 
sidered as  due  to  direct  oxidation. 

The  Ei'olution  of  Heat  and  the  Products  of  Resptrntion  not  strictly 
ipffrtionnJ.  —  Notwithstanding  the  general  relation  in  activity 
"between  respiration  and  heat-production,  a  comparison  of  the  quan- 
tity of  heat  produced,  and  that  of  oxygen  alisorbed  or  of  carbonic 
acid  exhaled,  under  different  circumstances,  shows  that  they  do  not 
exactlv'  corresiKHitl  with  each  other.  In  the  observations  of  Senator 
on  dog«,  the  evolution  of  heat  and  the  production  of  carbonic  acid  did 
not  follow  the  same  rate  of  increase.  They  were  both  augmented 
during  digestion,  but  the  production  of  carbonic  acid  never  increased 
to  the  same  degree  with  that  of  heat.  The  averages  obtained  in  three 
series  of  observations  gave  the  following  result; 
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QUAKTITIBB  OF  HkAT  AND  OP  CaKBONIO  Al!ID  pRODrCED  BY  THK  Una  tV  OxB  HoTB. 

Condition 
of  the  Huimal. 

DogNo.  ]|j^jjg^g^.^j^ 

( Fasting    .     . 

DogNo.2-^I„digc«tioD. 

(Fasting    .    . 


Carbonic  Rcid  In 

Proportion 

grammes. 

Heal  iiults. 

befween  itae  VK<ik 

,       8.466 

12.630 

1  to  8.65 

.       S.013 

18.875 

1  to  3.7« 

.       4.405 

18.500 

1  to  3.72 

.       4.837 

19,890 

1  to  4.01 

3.154 

lfl,880 

1  to  5.36 

.       3.846 

21.960 

1  to  6.71 

Thus  the  proportion  of  carbouic  acid  formed  to  the  heat  produced  lAJ 
different  in  the  three  auinials  when  compared  with  each  other  in  the 
same  condition  ;  and  it  also  varies  in  each  animal  under  the  different 
conditions  of  fasting  and  digestion. 

The  same  observer  found  that  under  the  influence  of  a  low  tempera- 
ture in  a  state  of  repose,  the  production  of  heat  was  never  increased, 
but  was  usually  diminished;  while  that  of  carbonic  acid  was  generally 
somewhat  increased  and  never  diniiuished. 

Local  Production  of  Heat  in  the  Organs  and  Tissues. — Although 
the  body,  as  a  whole,  presents  a  general  standard  temperature,  its  heat 
ifi  produced  in  each  separate  organ  and  tissue  by  the  local  acts  of  outri 
tion.  This  is  shown  by  the  fact  that  each  organ  has  a  sj-iecial  temper 
ture  of  its  own,  which  increases  or  diminishes  according  to  its  condi 
tion  of  activity  or  repose.*  A  large  quantity  of  heat  is  produced  i 
the  substance  of  the  muscles.  In  the  experiments  of  Becquorel  and 
Breschet,  the  temperature  of  the  brachiali.>?  muscle,  in  a  man,  during 
repose  was  36.5° ;  but,  after  re]ieated  and  energetic  flexion,  it  was  fro: 
37°  to  37.6°  Bernard,*  by  placing  thermo-olectric  needles  in  the  ga 
trocnemii  muscles  of  a  dog,  after  section  of  the  spinal  cord  to  preven 
voluntary  movements,  found  the  temperature  of  the  muscles  on  t 
two  sides  sensibly  equal  j  but  on  producing  contraction  by  galvanizin 
one  sciatic  nerve,  the  ten\perature  of  the  muscle  on  that  side  w 
increa-sed  0.1^  or  0.2°,  while  the  venous  blood  returning  from  it  becam 
darker  in  hiie.  Since  the  muscles  constitute  so  large  a  part  of  t 
mass  of  the  body,  it  is  evident  that  continuous  muscular  cxertio 
must,  after  a  time,  produce  a  general  elevation  of  temperature.  '  In  th 
muscles,  during  contraction,  the  increase  in  warmth  is  accompanied  b; 
greater  consumption  of  oxygen,  and  consequently  by  a  darker  color  o; 
their  venous  blood. 

Heat  is  also  produced  in  the  glandular  organs  when  in  active  secre- 
tion, as  shown  by  the  temperature  of  thj  blood  entering  and  leaving 
their  tissue,  Under  these  circumstances  the  venous  blood  coming  from 
the  gland  is  warmer  than  the  arterial  blood  with  which  it  is  supplied. 
According  to  the  observations  of  Bernard  on  the  dog,  while  the  sub- 
maxillary gland  is  in  repose,  its  circulation  is  slow,  and  its  venous 
blood  scanty  and  dark-colored  ;  the  oxygen  of  the  blood  being  reduced, 
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wbile  traversing  the  organ,  to  40  per  cent,  of  its  oripiual  quantity.  But 
when  the  jerland  \s  excited  to  active  secretion,  its  circulation  is  increased 
in  rapidity,  and  its  venous  blond  more  uhunduut  and  lirightcr  in  color; 
its  oxygen  being  only  reduced  to  61  per  cent,  of  that  in  arterial  blood., 
At  the  same  time  the  temperature  of  the  gland  rises,  notwithstanding 
that  its  consumption  of  oxygen  is  less  than  in  a  condition  of  repuw. 

A  similar  elevation  of  temperature  takes  place  in  the  blood  while 
traversing  the  capillary  circulation  of  the  intestine  and  of  the  liver. 
The  following  tables  give  the  results  of  two  series  of  observations  by 

Bernard  on  the  temperature  of  the  blood  entering  and  leaving  these 

organs  in  the  dog : 

Tbmpksatttke  of  tbe  Blood  m  thr 
Aoru.  Fortol  Vein. 

86.8°  38.8° 

40.3"  40.7° 

39.4°  30.5° 


Tvnai  Vein. 
40.2'' 
4().fl° 
40.r 


Hepntio  Vein. 
40.6° 
40.0° 
40.9° 


k 


Thus  the  blood  of  the  hepatic  vein,  after  traversing  two  successive 
^^illary  circulations,  is  warmer  than  that  in  any  other  part  of  the 
ody. 

!Even  in  the  kidneys,  when  the  secretion  of  urine  is  active,  there  is  & 
ri^e  of  temperature  in  the  Wood  of  the  renal  veins.  At  the  same  time, 
as  in  the  submaxillary  glands,  the  circulation  is  increased,  the  venous 
Hlood  leaves  the  or^'-an  of  a  bright  red  color,  and  its  proportion  of 
o:^ ygen,  according  to  Ilornnrd,  is  only  reduced  to  MK  ])or  cent,  of  that 
^^otitained  in  the  arteries,  while  in  the  condition  of  glandular  repose  it 
^^  Teduced  to  33  per  cent. 

It  is  evident,  therefore,  that  animal  heat  may  l)e  derived  from  other 
causes  than  the  immediate  consumption  of  oxygen  and  formation  of 
<=^arbonic  acid.  Even  outside  the  body  heat  may  be  produced  by  the 
hydration  of  quick-lime,  or  by  the  mixture  of  water  with  alcohol  or 
Sulphuric  acid ;  and  the  changes  of  nutrition,  consisting  largely  of 
Hydrations,  and  other  chemical  or  physical  actions  in  which  direct  oxi- 
*iation  does  not  take  part,  are  sulficient  to  account  for  the  heat-produ(S 
^ion  within  the  living  frame.  This  heat-production  is  a  local  process^ 
and  takes  place  with  different  degrees  of  intensity  according  to  special 
acts  of  nutrition  in  different  organs.  In  the  muscles  it  is  accompanied 
by  increased  consumption  of  oxygen  and  deeper  coloration  of  the 
venous  blood ;  in  the  salivary  glands  and  the  kidneys  by  diminished 
consumption  of  oxygen  and  a  less  complete  change  in  the  color  of  the 
blood.  The  temperature  of  the  blond  coming  from  each  organ  is  in 
proportion  to  the  activity  of  beat- product  ion  in  the  organ  itself;  that 
of  the  venous  blood  consequently  varies  in  different  parte,  while  that 
of  arterial  blood  is  everywhere  sensibly  the  same. 
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Cooling  of  the  Blood  in  the  Lungs  and  Skin. — While  in  the  other 
internal  orpans  the  J>lood  is  warmed  durina:  its  passagt*  through  tba 
capiliarv  vessels,  in  the  liinurs  its  tvmperature  is  slightly  diniinished.' 
This  fact,  which  has  boeri  alternately  asserted  and  denied,  owing  to  t 
difficnity  of  exeluding  incidental  causes  of  error,  has  been  abundant^ 
confirmed  by  the  oltservatious  of  Hering,  Bernard.  Heideuhain 
Koruer,  and  Strieker  and  Albert.    That  of  Hering  was  made  on  a  youni 
calf,  otherwise  in  good  condition,  but  having  the  malformation  of  eetopi 
oordij?,  so  that  the  heart  was  unaffected  by  the  contact  of  other  organi 
lu  this  case  the  blood  of  the  right  ventricle  had  a  temperature  of  39.37 
that  of  the  left  ventricle  38.75".     Ileidenhain  and  Korncr,*  in  94  obse 
vations  on  the  dog,  partly  with  thermo-electric  needles  and  partly  witi 
the  mercurial  thermometer,  found  the  temperature  of  the  blood  equal  oi 
the  two  sides  of  the  heart  in  only  one  instance.     In  all  the  others,  il 
was  higher  on  the  right  side  than  ou  the  left,  by  0.1°  to  0.6".     Bei 
nard,f   who    first    demonstrated    this    difference    by  the    mercun 
thermometer,  has  shown  it  also  by  the  use  of  thermoelectric  need! 
introduced  into  the  right  and  left  ventricles  of  the  dog's  heart,  thro 
the  jugular  vein  and  carotid  artery  respectively;  always  finding  t 
blood  in  the  right  ventricle  warmer  than  that  in  the  left.     Accordi 
to  these  observations,  the  difference  in  temperature  may  amount  in 
fioBting  animal  to  0.174^,  during  digestion  to  0.232*^.    Although  during 
digestion  the  teniperotnre  of  the  lilood  generally  is  higher  than  in  the 
fasting  condition,  the  difference  between  the  two  sides  of  the  heart 
continues  to  show  itself  in  the  same  direction. 

The  diminution  in  t*nnperature  of  the  blood  while  pasaiog  throagh 
the  lungs  is  usually  attributed  to  the  cooling  influence  of  the  air  in 
the  pulmonary  cavities  and  to  the  vaporization  of  watery  fluid.  Ag 
the  air  expelled  by  respiration  is  warmer  than  when  introduced  in 
the  lungs,  it  must  withdraw  a  certain  amount  of  heat  from  the  intern 
parts  ;  and  as  it  contains  watery  vapor  disengaged  from  the  lungs,  tb 
vaporization  of  this  fluid  must  also  reduce  the  temperature  of  the 
organs.  Whether  these  causes  are  more  or  less  than  sufficient  to  account 
for  the  difference  in  the  blood  on  the  two  sides  of  the  heart  has  not  been 
determined.  It  is  possible  that  a  certain  amount  of  heat  is  produced 
the  lungs,  as  in  other  internal  organs  j  and  that  the  heat  so  produced 
more  than  counterbulaiiced  by  that  lost  from  the  pulmonary  surface,  t 
total  etlect  on  the  blood  being  consequently  a  lowering  of  its  tejuper- 
alure.  lu  the  cutaneous  circulation  similar  causes  exist  for  a  cooling 
effect  on  the  blood;  namely,  tlic  contact  of  the  air,  and  the  vapori- 
zation of  watery  fluid  supplied  by  perspiration.  It  is  for  this  reasoa 
that  the  superticial  parts  of  the  body  are  less  warm  than  the  interior 
and  accordingly  the  blood,  after  passing  through  the  vessels  of  the  i 
ument,  returns  to  the  centre  with  its  temperature  slightly  diminished. 
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*  Archiv  filr  die  pesamnUe  Vhjmologie.     Bonn,  1871,  Band  iv.,  p.  658. 
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each  other  in  the  pulmonary  cavities,  on  their  way  to  and  from  the 
blood ;  neither  of  them  bein^  produced  or  consumed  in  these  organs. 

In  the  blood,  the  plasma  consists  mainly  of  organic  substances  in 
solution,  and  oxygen  is  abundant  in  the  globules  in  a  state  of  loose 
combination.  But  the  union  of  the  two  certainly  does  not  take  place 
in  the  blood.  Oxy^n  disappears  from  it  in  the  capillary  circulation, 
and  is  replaced  by  carbonic  acid  derived  from  the  tissues.  According 
to  the  view  now  generally  accepted,  the  functions  performed  by  the 
blood  are  rather  physical  than  chemical  in  their  nature.  It  is  a  vehicle 
of  transportation  for  nutritious  matters  from  the  alimentary  canal  to 
various  organs,  and  for  oxygen  and  carbonic  acid  between  the  tissues 
and  the  lungs.  It  collects  or  disseminates  substances  which  hav4' 
already  been  prepared  in  other  parts,  and,  as  a  general  rule,  conveys 

lem  unchanged  to  their  destinations.    Even  a  substance  like  pyrogallic 

•id,  80  readily  oxidizable  in  an  alkaline  solution  that  it  is  employed 
for  the  quantitative  determination  of  oxygen  in  the  air,  when  intro- 
duced into  the  animal  system  passes  through  it  without  alteration, 
ftnd  reappears  in  the  urine.'^  There  is  no  evidence  that  the  blood 
exerts  anywhere  a  direct  oxidizing  action. 

Finally,  In  the  substance  of  the  tissues  and  organs,  it  is  evident  that 
the  carbonic  acid  which  they  produce  is  not  the  immediate  result  of  the 
absorption  of  oxygen.  Its  continued  exhalation  in  nti  atmosphere  of  ni- 
trogen, or  of  other  indifferent  gases,  .shows  that  it  originates,  in  all  prob- 
ability, by  a  separation  of  its  elenu-nls  from  other  previously  existing 
fonns  of  combination.  Furthermore,  the  alteration  of  the  organic 
ingredients,  so  far  as  we  can  follow  them  in  the  living  body,  consists 
largely  of  hydrations  and  dehydrations  under  the  influence  of  the  ani- 
mal ferments.  Glucose,  whefi  absorbed  from  the  alimentary  canal,  is 
reduced,  by  dehydration  in  the  liver,  to  the  form  of  glycogen,  which, 
in  turn,  is  again  converted  by  hydration  into  soluble  glucose.  The 
formation  of  glycocholic  from  taurocholie  acid  (p.  1()!V)  is  a  dehydration 
with  elimination  of  sulphur,  while  bilvverdine  is  produced  from  biliru- 
bine  (p.  101)  by  hydration  with  oxidation.  On  the  other  hand,  the 
derivation  of  uTol)iline  from  bilirubine  (p.  102)  can  only  be  accomplished 
by  a  reduction  process;  and  the  formation  of  fat  in  the  body  from  car- 
bohydrates (p.  63)  is  undoubtedly  acconipanied  by  the  elimination  of 
carbonic  acid  and  the  production  of  other  substances  at  the  same  time. 

From  all  these  facts  it  appears  that  the  transformation  of  tissue  in 
the  body  is  not  a  simple  act  of  combustion,  regulated  by  the  supply  of 
oxygen  to  the  lungs.  It  is  one  in  which  the  tissues  appropriate  the 
oxygen  conveyed  to  them  by  the  blood,  to  form  intermediate  com- 
pounds, and  in  which  they  finally  eliminate  carbonic  acid  as  the  most 

>undant  product  of  tbeir  retrograde  metamorphosis. 


*  Gorap-Bcsanez.  Lehrbucb  der  PhyBiologischen  Chemie.     Brannacbweig,  1878, 
p.  599.     EwaJd.  Die  Lehre  von  der  Venlauung.     Ikritn,  1879,  p.  5. 


CHAPTER    V. 
ANIMAL  HEAT. 

ONE  of  the  characteristic  properties  of  living  creatures  is  that  of 
maintaining,  more  or  less  constantly,  a  standard  temperature,  not> 
withstanding  the  external  changes  of  heat  or  cold  to  which  they  are 
subjected.  If  a  bar  of  iron  or  a  vessel  of  water  be  heated  to  a  tem- 
perature above  that  of  the  surrounding  air,  and  then  left  to  itself,  it 
will  at  once  begin  to  lose  heat  by  radiation  and  conduction ;  and  this 
loss  will  continue  until,  after  a  time,  its  temperature  is  reduced  to  that 
of  the  atmosphere.  It  then  remains  stationary  at  this  point,  unless 
the  atmosphere  should  become  warmer  or  cooler;  in  which  case  a 
similar  change  takes  place  in  the  inorganic  body,  its  temperature  vary- 
ing with  that  of  the  surrounding  medium. 

With  man  and  animals  the  case  is  different.  If  a  thermometer  be 
introduced  into  the  rectum,  or  placed  under  the  tongue,  it  will  indicate 
in  man  a  temperature  of  from  37°  to  38°  C.  (about  100°  F.),*  whether 
the  surrounding  atmosphere  be  warm  or  cool.  This  internal  bodily 
temperature  is  sensibly  the  same  in  summer  and  in  winter.  Although 
the  external  air  may  be  at  the  freezing  point,  the  internal  parts  of  the 
body,  when  examined  by  the  thermometer,  will  indicate  their  usual 
standard  of  warmth ;  and  in  ordinary  summer  weather  the  temperature 
of  the  air  is,  for  the  most  part,  many  degrees  below  that  of  the  living 
body.  As  the  body,  however,  by  exposure  to  such  an  atmosphere  must 
be  constantly  losing  heat  by  radiation  and  conduction,  and  yet  main- 
tains a  standard  temperature,  it  is  plain  that  a  certain  amount  of  heat 
must  be  generated  in  its  interior,  sufficient  to  compensate  for  the  ex- 
ternal loss.  The  internal  heat,  so  produced,  is  known  by  the  name  of 
animal  heat. 

Thus  it  is  by  its  own  internal  heat  that  the  body  is  warmed.  The 
clothing  used  by  man,  and  the  fur,  wool,  or  feathers  by  which  animals 
are  protected,  have  no  warmth  in  themselves ;  they  simply  prevent 
the  body  from  losing  heat  too  rapidly,  and  thus  becoming  cooled  down 
below  its  normal  standard.  Even  the  furnaces  and  fires  of  a  dwelling 
house  only  serve  to  moderate  the  cooling  influence  of  the  air ;  for  the 
atmosphere,  even  in  the  warmest  apartment,  never  rises  to  the  heat 
of  the  living  body,  which  is  still  the  only  source  of  its  own  vital 
temperature. 

Difference  of  Temperature  in  Different  Classes  of  Animals. — The 

*  To  convert  degrees  of  the  Centigrade  Rcale  into  the  corresponding  value  for  the 
Fahrenheit  scale,  multiply  hy  1.8  and  add  32  to  the  product. 
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prodnction  of  internal  heat  varies  in  intensity  in  different  classes  of 
animals.  As  a  rule,  il  is  mosJt  active  in  birds,  whose  temperature 
is  in  ji-eneral  45°  C  In  nmmnialians  it  is  37'^  to  40^;  and  in  man 
about  37.6°.  As  in  these  two  classes  the  internal  organs  and  the  blood 
are  nearly  always  above  the  t^^mperature  of  the  air  or  that  of  the  skin, 
and,  accordingly,  feel  warm  to  the  touch,  they  are  called  "  warm-blooded 
animals."  In  reptileK  and  fi^h,  on  the  other  hand,  the  production  of 
heat  is  much  less  rapid,  and  preponderates  so  little  over  that  of  the  air 
or  water  which  they  inhabit,  that  no  marked  difference  ia  perceptible 
on  cursory  examination ;  and  as  their  internal  organs  have  a  lower 
temperature  than  our  own  inteirument,  and  consequently  feci  cool  to 
the  touch,  they  are  called  "cold-blooded  animals."  This  difference, 
however,  ia  only  in  degree  and  not  in  kind.  Reptiles  and  fish  also 
generate  a  certain  amount  of  heat,  which  may  he  measured  by  the  ther- 
mometer. The  temperature  of  frogs,  serpents,  tortoises,  water-lizards, 
and  fifth  has  been  found  to  be  from  1.7'^  to  4.5°  above  that  of  the  sur- 
rounding air  or  water. 

In  invertebrate  animals  the  heat  produced  is  usually  still  less  percep- 
tible because,  from  the  greater  surface  of  their  bodies  in  proportion  to 
their  mass,  the  warmth  is  more  rapidly  dissipated.  But  when  many 
of  them  are  collected  in  a  small  space,  and  especially  when  in  a  state 
of  activity,  their  heat  is  distinguishable  by  thermonietric  measurement. 
The  temperature  of  the  butterfly  after  active  motion  has  been  found 
from  2.77'^  to  5'^  above  that  of  the  air;  that  of  the  humble-bee  from 
1-5°  to  5.5°  higher  than  the  exterior.  According  to  Newport,  the 
interior  of  a  hive  of  bees  may  have  a  temperature  of  9°  with  the 
external  atmosphere  at  1.4^,  even  while  the  insects  are  quiet ;  but  if 
they  be  e.xcited  by  tapping  on  the  hive,  it  may  rise  to  38.8°.  Thus 
80  long  as  the  insects  are  at  rest,  the  thermometer  indicates  a  very 
moderate  warmth ;  but  if  kept  for  a  few  moments  in  rapid  motion  in  a 
confined  space,  they  may  generate  sufficient  heat  to  produce  a  .sensible 
elevation  of  temperature. 

The  production  of  heat  is  not  confined  to  animals,  but  takes  place 
bIbo  in  vegetables.  In  vegetables,  however,  it  ia  very  rapidly  lost, 
owing  to  the  extensive  surface  presented  by  their  ramifications  and 
foliage,  and  the  aliundant  evaporation  of  moisture.  If  this  loss  be 
diminished  by  keeping  the  air  charged  with  watery  vapor  and  thus 
preventing  evaporation,  the  elevation  of  temperature  becomes  sensible 
and  may  be  measured.  Dutrochet*  demonstrated,  by  the  use  of  the 
thermo-electric  needle,  that  nearly  all  parts  of  a  living  plant,  surh  aa 
the  green  st<?me,  the  leaves,  the  buds,  and  even  the  roots  and  fruit, 
generate  heat  to  some  degree;  the  maximum  temperature  thus  reached 
Jtieing  about  0.28*'  above  that  of  the  surrounding  almosphere.  Sub- 
""•equent  observations  have  shown  that  in  eeriuin  ptrioda  of  vegeta- 
tive activity,  as  in  those  of  germination  and  flowering,  the  development 
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of  heat  19  much  more  rapid.  In  the  mnltinjjr  of  barley,  when  a  con, 
siderable  qufintity  of  genniniiting  ^rain  is  piled  in  a  mass,  its  elevation 
of  temperaturo  iimy  he  distinijuished,  both  by  tho  band  and  the  ther- 
mometer. The  most  abundant  heat-production  by  vegetables  is  in  the 
flowers  of  the  Aracese  (Catla,  Indian  turnip,  Sweet  flag)  at  the  time 
of  fecundation,*  which  sometimes  show  a  temperature  of  from  6°  to 
10^  above  that  of  the  .surrounding  air. 

The  generation  of  heat  is,  accordingly,  a  phenomenon  common  to  all 
living  organisms.  When  the  mass  of  the  body  is  large  in  proportion 
to  its  extent  of  surface,  its  heat  is  readily  perceptible  both  by  the 
touch  and  by  the  thermometer.  In.  birds  and  mammalians  the  heat 
production  is  more  active  than  in  reptiles  and  lish ;  and  even  in  differ- 
ent species  of  the  same  class,  it  differs  in  degree  according  to  the 
special  organization  of  the  animal  and  tho  general  activity  of  its 
functions. 

Quantitij  of  Heat  in  the  Limng  Body. — The  quantity  of  heat  pro- 
duced in  the  body  within  a  given  time  is  measured  by  the  increase  of 
temperature  which  it  produces  ia  a  known  volume  of  water.  Draperf 
found  that  the  human  body,  with  a  vohinie  of  about  85  litres  (3  cubic 
feet)  and  a  weight  of  8l.(i.'>  kilogrammes  {ISO  pounds  avoirdupois),  by 
remaining  in  the  bath  for  one  hour,  could  raise  the  temperature  of  212 
kilogrammes  of  water  1.11  ■' ;  which  he  estimates,  assuming  the  specific 
heat  of  the  body  to  be  about  the  same  with  that  of  water,  would  be 
capable  of  warming  the  body  itself  2.77°  But  as  the  temj)erature  of 
the  body,  in  the  observation  quutfd,  was  lowered  0.55"  w^hile  in  the 
bath,  the  heat  actually  generated  would  be  capable  of  warming  the 
body,  or  an  equal  volume  of  water,  2.22'^.  This  would  be  equivalent 
to  188.7  heat  units,  J  produced  by  the  human  body  in  the  course  of  one 
hour,  or  2.31  heat  units  for  every  kilogramme  of  bodily  weight, 

In  the  experiments  of  Senator  §  on  the  heat-producing  power  in  dogs, 
the  animals  were  inclosed  in  a  copper  cage,  through  which  ventilation 
was  kept  up  at  a  known  rate,  the  temiwralure  of  the  incoming  and 
outgoing  air  being  noted  at  short  intervals.  The  cage  was  surrounded 
by  a  known  volume  of  water,  at  from  26.6"'  to  29°  C.  and  the  whole 
apparatus  inclosed  in  an  outer  case  made  as  non-conducting  as  possible ; 
the  heat  actually  lost  from  it  being  determined  by  jirelimiuary  obser- 
vation. The  internal  temperature  of  th^  animal  luiving  been  taken, 
be  was  introduced  into  the  cage  and  allowed  to  remain  for  a  certain 
time.  The  heat  produced  was  ascertained  by  the  increase  of  temper- 
ature in  the  water  surrounding  the  cage,  the  result  being  corrected 
by  that  of  the  air  used  for  ventilation,  as  well  as  by  the  variation  in 
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temperature  of  the  animal,  and  the  loss  from  the  apparatus  by  external 
cooling.  By  this  method  it  was  found,  as  the  average  result  of  five 
observations,  that  a  dog  of  5.392  kilogrammes'  weight,  at  rest  and  in 
the  fasting  condition,  produced  in  one  hour  12.63  heat  units;  that  is, 
2.34  heat  units  for  every  kilogramme  of  bodily  weight.  According 
to  these  experiments,  the  heat-producing  power  in  the  dog  and  that 
in  man  are  nearly  the  same ;  that  of  the  dog  being  rather  the  more 
active  of  the  two. 

Normal  Variation  of  Temperature  in  the  Living  Body. — The  tem- 
perature of  the  body  is  not  the  same  throughout,  but  increases,  for  a 
certain  distance,  from  the  exterior  toward  the  central  parts.  Like  any 
other  substance  of  higher  temperature  than  the  air,  the  animal  body 
is  constantly  losing  heat  from  its  surface ;  so  that  the  integument  and 
the  parts  immediately  subjacent,  which  are  more  exposed  to  this  cool- 
ing influence  than  the  internal  organs,  have  a  temperature  slightly 
below  that  of  the  body  in  general.  Accordingly,  whenever  the  external 
air  rises  to  the  neighborhood  of  37°  or  37.5°  C,  it  feels  uncomfort- 
ably warm;  because,  although  this  is  the  normal  temperature  of  the 
internal  organs,  it  is  considerably  above  that  of  the  skin,  which  is 
readily  sensitive  to  variations  of  cold  or  warmth.  The  cooling  influ- 
ence of  the  atmosphere  is,  however,  moderated  by  the  circulatory  move- 
ment of  the  blood ;  since  the  warmer  blood  coming  from  the  internal 
parts  supplies  the  integument  with  fresh  quantities  of  heat,  and  thus 
tends  to  compensate  for  its  external  loss. 

But  notwithstanding  this  compensation,  the  difference  in  temperature 
between  the  external  and  internal  parts  of  the  body  is  always  per- 
ceptible during  health.  If  the  bulb  of  a  thermometer  be  held  for  some 
minutes  between  the  folds  of  skin  in  the  palm  of  the  hand,  it  will 
stand  at  36.4°  ;  in  the  axilla,  at  36.6°  ;  under  the  tongue,  it  will  reach 
37.2°  ;  in  the  rectum,  37.5° ;  and  Dr.  Beaumont  found,  in  the  case  of 
Alexis  St.  Martin,  that  the  thermometer,  introduced  into  the  stomach 
through  the  gastric  fistula,  often  indicated  a  temperature  of  37.8°.  It 
is  evident  that,  in  order  to  ascertain  the  internal  temperature  of  the 
body,  the  bulb  of  the  thermometer  fihonld  l)e  inserted  so  deeply  as  to 
pass  beyond  the  superficial  zone  affected  by  the  process  of  external 
cooling.  Even  when  beneath  the  tongue  it  is  in  contact  with  parts 
which  are  slightly  cooled  by  tho  passage  of  the  air  in  respiration, 
and  accordingly  does  not  reach  the  maximum  temperature  of  the  body. 
For  this,  it  must  be  so  deeply  inserted  into  the  abdominal  cavity  or  the 
rectum,  that  a  further  introduction  produces  no  increase  in  the  indicated 
temperature.  This  is  the  method  usually  adopted  in  physiological 
observations. 

Beside  the  difference  from  the  above  cause  between  the  surface  and 
the  interior,  the  internal  temperature  also  varies  within  narrow  limits, 
according  to  different  physiological  conditions.    Jiirgensen  *  has  shown 
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that  in  man  there  is  a  diurnal  variation,  the  temperature  during  the 
day  being  a  little  higher  than  at  night,  even  when  both  periods  are 
passed  in  complete  repose.  A  series  of  observations  on  the  same  indi- 
vidual in  a  state  of  rest  gave  the  following  averages : 

Tbmpekatube  of  the  Human  Body  whex  at  Rest. 
By  day.  By  night. 

37.34°  86.91° 

The  difference  between  the  two  averages  amounts  to  0.43°.  There 
are  also  temporary  variations  of  small  extent  during  each  of  the  above 
periods ;  the  greatest  variation  during  the  day  being  0.27° ;  that  during 
the  night  0.15°. 

The  temperature  of  the  body  is  also  increased  by  muscular  activity. 
It  is  a  matter  of  common  observation,  both  in  man  and  animals,  that 
temporary  exertion  produces  an  increase  of  bodily  warmth.  Jiirgensen 
observed  in  the  same  individual  that  while  during  a  day  of  absolute 
rest,  the  maximum  temperature  attained  was  37.7°,  under  the  influence 
of  exercise  it  reached  38.8°.  A  much  more  striking  difiEerenoe,  corre- 
sponding with  muscular  repose  or  activity,  has  already  been  mentioned 
as  observable  in  insects. 

The  animal  temperature  is  furthermore  increased  or  diminished  by  a 
condition  of  digestion  or  abstinence.  This  was  indicated  in  several 
instances  by  the  observations  of  Jiirgensen  on  man,  but  is  shown  in 
a  marked  degree  by  those  of  Senator  on  the  dog,  in  which  the  pro- 
duction of  heat  was  sensibly  diminished  by  fasting,  and  increased  by 
food.  The  following  table  shows  the  heat  produced  by  the  same  animal 
under  these  two  conditions : 

QxJANTiTY  OP  Heat  produced  by  the  Doo  in  One  Hour. 

After  two  days'  fasting 10.90  heat  units. 

After  one  day's  fasting 12.68         " 

One  hour  after  feeding 18.87         " 

As  the  production  of  animal  heat  can  only  take  place  by  the  con- 
sumption or  alteration  of  the  bodily  ingredients,  it  is  evident  that 
during  abstinence  from  food,  the  materials  susceptible  of  this  change 
must  diminish  in  quantity ;  and  the  temperature  of  the  body  after  a 
time  becomes  lowered,  owing  to  a  deficiency  in  its  sources  of  supply 

Mode  of  Production  of  Animal  Heat. 
In  all  instances,  so  far  aa  observation  goes,  the  production  of  heat  in 
living  organisms  is  in  proportion  to  the  activity  of  their  internal  changes. 
These  changes  are  especially  indicated  by  the  absorption  of  oxygen 
and  the  exhalation  of  carbonic  acid.  Even  in  vegetables,  it  has  been 
demonstrated  that  the  absorption  of  oxygen  is  always  accompanied  by 
the  exhalation  of  carbonic  acid  and  the  production  of  heat;  and  the 
quantity  of  heat  produced  is  greatest  during  the  processes  of  germina- 
tion and  flowering,  which  are  accompanied  by  the  most  active  absorp* 
tion  and  exhalation  of  oxygen  and  carbonic  acid  respectively. 
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A  similar  relation  is  manifest  in  the  animal  kingdom.  Birds  and 
mammalians,  whose  respiration  is  most  active,  have  the  highest  tcmper- 
atoro ;  while  in  reptiles  and  fiiih,  where  the  respiration  is  sluggish,  the 
production  of  heat  is  also  less  abundant.  Tlie  connection  between  the 
two  phenomena  is  especially  observable  in  hibernating  animals,  in 
which,  during  the  winter  sleep,  respiration  becomes  comparatively  inac- 
tive, and  the  bodily  temperature  is  reduced  to  a  very  low  standard. 
In  the  observations  of  Horvath  *  on  marmots,  he  found  that  these 
animals  during  cold  weather  are  plunged  in  a  profound  stupor,  in  which 
their  respiration  is  very  infrequent  and  sometimes  hardly  perceptible. 
At  certain  intervals  they  awake  for  a  short  time,  and  again  return  to 
the  state  of  insensibility.  The  internal  temperature  of  the  animal,  when 
awake,  was  from  35°  to  37°  C. ;  while,  in  the  hibernating  condition,  it 
was  reduced  to  10°,  9°,  or  even  to  2°,  according  to  that  of  the  sur- 
rounding air.  On  awaking,  the  temperature  rapidly  rises.  In  one 
animal,  during  sleep,  it  was  from  9°  to  10° ;  but  on  awaking  it  rose 
in  one  hour  to  12°,  in  two  hours  to  IT*',  and  in  two  hours  and  a  half 
to  32'.  Respiration  varies  in  activity  to  a  similar  dggrce.  A  marmot 
weighing  153  grammes  produced,  while  in  the  comatose  condition, 
0.015  gramme  of  carbonic  acid  per  hour;  and  two  days  afterward, 
when  awake,  produced  0.513  gramme  in  the  same  time,  that  is,  more 
than  thirty  times  as  much  as  when  in  the  state  of  hibernation. 

These  facts  indicate  so  close  a  relation  between  the  intensity  of  res- 
piration and  that  of  heat  production,  that  either  one  of  these  processes 
may  Ije  taken,  in  general  terms,  as  the  measure  of  the  other ;  particu- 
larly as  respiration  consists  in  the  absorption  of  oxygen  and  the  exhala- 
tion of  carbonic  acid,  and  as  the  oxidation  of  carbonaceous  matters, 
outside  the  body,  is  one  of  our  readiest  means  for  the  production  of 
heat. 

But  respiration  is  not  exclusively  connected  with  heat-production. 
It  is  essential  to  all  the  manifestations  of  animal  life,  and  may  be  taken 
as  the  criterion  of  vital  activity  in  general ;  and  a  further  study  of 
it«  phenomena  shows  that  the  heat  of  the  living  body  cannot  l>e  con- 
sidered as  due  to  direct  oxidation. 

The  Evolution  of  Heat  and  the  Products  of  Respiration  not  strictly 
proportional.  —  Notwithstanding  the  general  relation  in  activity 
between  respiration  and  heat-production,  a  comparison  of  the  quan- 
tity of  heat  produced,  and  that  of  oxygen  absorbed  or  of  carbonic 
acid  exhaled,  under  different  circumstances,  shows  that  they  do  not 
exactly  correspond  with  each  other.  In  the  observations  of  Senator 
on  dogs,  the  evolution  of  heat  and  the  production  of  carbonic  acid  did 
not  follow  the  same  rate  of  increase.  They  were  both  augmented 
during  digestion,  but  the  production  of  carbonic  acid  never  increased 
to  the  same  degree  with  that  of  heat.  The  averages  obtained  in  three 
series  of  observations  gave  the  following  result : 
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Carbonic  acid  in 

gramme. 
.       8.455 
.       6.013 

Heat  units. 
12.680 
18.875 

Proportion 

between  the  two. 

1  to  3.66 

1  to  3.76 

.       4.405 
4.887 

16.500 
19.390 

1  to  3.72 
1  to  4.01 

.       3.154 
.       3.846 

16.880 
21.960 

1  to  6.85 
1  to  5.71 
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Quantities  of  Hkat  and  of  Carbonic  Acid  Produced  by  the  Doe  rs  One  Houb. 
Condition 

of  the  animal. 
r»      xr     1    (Fasting    .     . 
DogNo.l  jj^djg^gtion. 

( Fasting    .     . 

^*>«^o- 2  jln  digestion. 

f  Fasting    . 
DogNo.8|j^^iggg^.o„ 

Thus  the  proportion  of  carbonic  acid  formed  to  the  heat  produced  is 
different  in  the  three  animals  when  compared  with  each  other  in  the 
same  condition ;  and  it  also  varies  in  each  animal  under  the  different 
conditions  of  fasting  and  digestion. 

The  same  observer  found  that  under  the  influence  of  a  low  tempera- 
ture in  a  state  of  repose,  the  production  of  heat  was  never  increased, 
but  was  usually  diminished ;  while  that  of  carbonic  acid  was  generally 
somewhat  increased  and  never  diminished. 

Local  Production  of  Heat  in  the  Organs  and  Timues. — Although 
the  body,  as  a  whole,  presents  a  general  standard  temperature,  its  heat 
is  produced  in  each  separate  organ  and  tissue  by  the  local  acts  of  nutri- 
tion. This  is  shown  by  the  fact  that  each  organ  has  a  special  tempera* 
ture  of  its  own,  which  increases  or  diminishes  according  to  its  condi- 
tion of  activity  or  repose."  A  large  quantity  of  heat  is  produced  in 
the  substance  of  the  muscles.  In  the  experiments  of  Becquerel  and 
Breschct,  the  temperature  of  the  brachialis  muscle,  in  a  man,  during 
repose  was  36.5° ;  but,  after  repeated  and  energetic  flexion,  it  was  from 
37°  to  37.5°.  Bernard,*  by  placing  thermo-electric  needles  in  the  gas- 
trocnemii  muscles  of  a  dog,  after  section  of  the  spinal  cord  to  prevent 
voluntary  movements,  found  the  temperature  of  the  muscles  on  the 
two  sides  sensibly  equal ;  but  on  producing  contraction  by  galvanizing 
one  sciatic  nerve,  the  temperature  of  the  muscle  on  that  side  was 
increased  0.1°  or  0.2°,  while  the  venous  blood  returning  from  it  became 
darker  in  hue.  Since  the  muscles  constitute  so  large  a  part  of  the 
mass  of  the  body,  it  is  evident  that  continuous  muscular  exertion 
must,  after  a  time,  produce  a  general  elevation  of  temperature.  *  In  the 
muscles,  during  contraction,  the  increase  in  warmth  is  accompanied  by 
greater  consumption  of  oxygen,  and  consequently  by  a  darker  color  of 
their  venous  blood. 

Heat  is  also  produced  in  the  glandular  organs  when  in  active  secre- 
tion, as  shown  by  the  temperature  of  the  blood  entering  and  leaving 
their  tissue.  Under  these  circumstances  the  venous  blood  coming  from 
the  gland  is  warmer  than  the  arterial  blood  with  which  it  is  supplied. 
According  to  the  observations  of  Bernard  on  the  dog,  while  the  sub- 
maxillary gland  is  in  repose,  its  circulation  is  slow,  and  its  venous 
blood  scanty  and  dark-colored ;  the  oxygen  of  the  blood  being  reduced, 
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while  traversiniif  the  organ,  to  40  per  cent,  of  itn  <»rifr«ial  quantity.  But 
whea  the  g-laud  is  excited  to  active  secretion,  its  circulation  is  iiicreased 
in  rapidity,  and  its  venous  l)loud  more  uUuudaat  and  Virighter  iu  color  j 
its  oxygen  being  only  reduced  to  HI  per  eeut.  of  that  in  arterial  l^lood., 
At  the  same  tinao  the  temiH-'rature  of  the  ^land  rises,  notwithi^tanding 
thai  its  consumption  of  oxyj^cn  is  less  than  in  a  condition  of  repose, 

A  similar  elevation  of  temperature  takes  jilace  ia  the  blood  while 
traversing^  the  capillary  circulation  of  the  inU^^stine  and  of  the  liver. 
The  following  tables  give  the  results  of  two  Reries  of  obwrvatlous  by 
Bernard  on  the  temi)erature  of  the  blood  entering  and  leaving  these 
organs  in  the  dog : 

TEMrKHATTRB  OF  THE  BlOOD  TS  THK 
Aort*.  Portal  Vein. 

86.8^  88.8° 

40.8'  40.7" 

39.4"  30.6" 


PoHAl  Vein. 
40.2" 
40.  rt" 
40.7" 


Bepatio  Vein. 
40.6° 
40.9° 
40.9* 


Thus  the  blood  of  the  hepatic  vein,  after  traversing  two  successive 
capillary  circulations,  is  warmer  than  that  in  any  other  part  of  the 
body. 

Even  in  the  kidneys,  when  the  secretion  of  urine  is  active,  there  is  a 
_nee  of  temperature  in  the  blootl  of  the  renal  veins.  At  the  same  time^ 
in  the  submaxillary  glands,  the  circulation  is  increased,  the  venous 
blood  leaves  the  organ  of  a  bright  red  color,  and  its  proportion  of 
oxygen,  according  to  Bernard,  is  only  reduced  to  88  per  cent,  of  that 
contained  in  the  arterien,  while  in  tho  condition  of  glandular  repose  it 
is  reduced  to  33  per  cent. 

It  is  evident,  thenfore,  that  animal  heat  may  be  derived  from  other 
ises  than  the  immediate  consumption  of  oxygen  and  formation  of 
rbonic  acid.  Even  outside  the  body  heat  may  bo  produced  by  the 
hydration  of  quick-lime,  or  by  the  mixture  of  water  with  alcohol  or 
sulphuric  acid ;  and  the  changes  of  nutrition,  consisting  largely  of 
hydrations,  and  other  chemical  or  physical  actions  in  which  direct  oxi- 
dation does  not  take  part,  are  sufficient  to  account  for  the  heat-produo. 
tion  within  the  living  frame.  This  heat^production  is  a  local  process, 
and  takes  place  with  different  degrees  of  intensity  according  to  special 
acts  of  nutrition  in  diifercnt  organs.  In  the  muscles  it  is  accompanied 
by  increased  consumption  of  oxygen  and  deeper  coloration  of  the 
venous  blood ;  in  the  salivary  glands  and  the  kidneys  by  diminished 
consumption  of  oxygen  and  a  less  complete  change  in  the  color  of  the 
bloo»L  The  temperature  of  the  blood  coming  from  each  organ  ia  in 
proportion  to  the  activity  of  heat-production  in  the  organ  itself;  that 
of  the  venous  blood  consequently  varies  in  different  parts,  while  that 
of  arterial  blood  is  everywhere  scmiibly  the  sume. 
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Coofintj  of  the  Blood  in  the  Lungs  ajid  Sinn. — Whil«?  in  tLe  other 
intornul  or^'-an.s  the  blood  is  warmed  during  its  po^sagY?  throufrh  the 
capillary  vessols,  in  the  lungH  its  tt'iiiiM?raturc  is  slig-hlly  iliininished. 
This  fact,  which  has  been  altfrnntcly  asserted  and  denied,  owing  to  the 
dLUicvjlty  of  excluding  incidental  causoB  of  error,  has  been  abundantly 
conKrmed  by  the  observatiimH  of  TTering,  Bernard.  Ilcidenhain  and 
Kiirnor,  and  Strieker  aufl  Albert.  That  of  Herirtg  wns  made  on  a  young 
calf,  otheriviso  in  good  condition,  but  having  the  malformation  of  ectopia 
cor<lis,  so  that  the  heart  wan  unaiFocted  by  the  contact  of  other  organs. 
In  thiisi  cat^e  the  bloo<l  of  the  right  ventricle  had  a  teniperatnre  of  39.37*', 
that  of  the  left  ventricle  38,7.')"'.  Tleidenhain  and  Korner,*  in  94  obser- 
vations on  the  dog,  partly  with  thermo-electric  needles  and  partly  with 
the  mercurial  thermometer,  found  the  temperature  of  the  blood  equal  on 
the  two  sides^  nf  the  heart  in  only  one  inntance.  In  all  the  others,  it 
was  higher  on  the  right  side  than  on  the  left,  by  O.l'^  to  0.6°.  Ber- 
nard,! ^^'^0  ^"^^^  demonstrated  this  difference  by  the  mercurial 
thermometer,  has  shown  it  also  by  the  use  of  thermo-electric  needles, 
introduced  into  the  right  and  left  ventricles  of  the  dog's  heart,  through 
the  jugular  vein  and  carotid  artery  respectively;  always  finding  the 
blood  in  the  right  ventricle  warmer  than  that  in  the  left.  According 
to  these  obBcrvations,  the  ditterence  in  temperature  may  amount  in  the 
fasting  animal  to  tKlTt'',  during  digestion  to  0.232°.  Although  during 
digestion  the  temfM>rature  of  the  Idood  generally  is  higher  than  in  the 
fasting  fondilinn,  thi^  dilJer4'iice  Wtween  the  two  sides  of  the  heart 
continues  to  t^how  itself  in  the  same  direction. 

The  diminution  in  temperature  of  the  blood  while  passing  through 
the  lungs  is  usually  Btlribnted  to  the  cooling  influence  of  the  air  in 
the  pulmonary  cavities  and  to  the  vaporization  of  watery  fluid.  As 
the  air  expelled  by  respiration  is  warmer  than  when  introduced  into 
the  lungs,  it  must  withdraw  a  certain  amount  of  heat  from  the  internal 
partfi ;  and  as  it  contaiud  watery  vapor  disengaged  from  the  lungs,  the 
vaporization  of  this  fluid  must  also  reduce  the  temperature  of  the 
organs.  Whether  those  causes  are  more  or  less  than  suflicient  to  account 
for  the  difference  in  the  blood  on  the  two  sides  of  the  heart  has  not  been 
determined.  It  is  possible  that  a  certain  amoujit  of  heat  is  produced  in 
the  lungs,  as  in  other  internal  organs;  and  that  the  bent  so  produced  is 
more  than  counterbalanced  by  that  lost  fr"om  the  (mlmonary  surface,  the 
total  effect  on  the  blood  Wing  consequently  a  lowering  of  its  cemper- 
ature.  In  the  cutaneous  circulation  sinular  causes  exist  for  a  cooling 
effect  on  the  blood;  namely,  the  contact  of  the  air,  and  the  vaj>ori- 
zation  of  watery  fluid  supplied  by  per^iratiou.  it  is  for  this  reason 
that  the  superficial  parts  of  the  body  are  less  warm  than  the  interior; 
Bnd  a(!«ordingly  the  blood,  after  passing  through  the  vessels  of  the  integ- 
•ument,  returns  to  tiie  centre  with  its  temperature  slightly  dinaiuished. 


*  Archiv  fur  die  (yesammte  t*iiyaioiogie,     Bonn,  1871,  Band  iv.,  p.  568. 
fRevuti  Scieutifique.    Porift,  1&71,  No.  1,  p.  tH6. 
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The  amount  of  warmth  thns  lost  will  vary  with  the  deeree  of  external 
cold  and  other  conditions  influencinjr  the  abntraetiou  of  heat. 

Local  Elevation  of  Temperature  htf  Increased  Circulation. — If  the 
circulation  be  increaftcd  in  anv  part  of  the  integument,  the  eflect  pro- 
ducinl  is  A  local  rise  of  temperature.  This  was  shown  by  Bernard  in 
his  ex|>erimentd  on  division  of  the  sympathetic  nei've.  In  the  rabbit 
this  operation  produces  a  relaxation  of  the  blood-vessels  on  the  corre- 
s^wnding*  side  of  the  head,  an  increased  vascularity  of  the  parts,  most 
readily  aeen  in  the  semi-transparent  tissues  of  the  ear,  and  a  hig'hi'r 
tempernture,  porreptible  both  by  the  touch  and  1>y  the  thermometer. 
After  section  of  the  sympathetic  nerve  on  the  rig^ht  side,  the  tempera- 
ture of  the  corresponding  ear  was  increased  from  25*^  to  32°  C. ;  the 
difference  between  the  two  sides  being  usually  niore  marked  in  a  cold 
atmosphere.  As  the  8ui)erficial  ]»arts  of  the  body  are  habitually  cooler 
than  the  internal,  from  their  exposure  to  the  air,  and  hs  they  are 
constantly  supplied  with  warm  blood  from  the  interior,  their  tempera- 
ture will  he  raised  by  an  increase  in  the  amount  of  l)lood  circulating 
tbrouirh  them.  The  rise  of  temperature  iu  these  ca.si's  is  a  passive  one, 
the  e.xposed  tissues  bcinjj;  warmed  at  the  expen.se  of  the  lilood  coming 
from  the  interior.  No  more  heat  is  produced  than  usual,  and  the  cooling 
effect  of  the  air  on  the  surface  is  unchanjred ;  but  it  is  leaa  perceptible 
in  the  part  subjei-ted  to  experiment,  owing  to  its  increased  supply  of 
blood,  and  the  larger  quantity  of  beat  brought  to  it  in  a  given  time. 

The  influence  of  the  circulation  upon  the  temperature  of  the  external 
]>arts  has  been  shown  by  Mitchell  *  in  observations  on  the  human 
subject.  If  the  hand  and  arm  !m?  h<dd  for  some  moments  above  the 
head,  emptied  as  fully  as  possible  of  blood,  and  a  tonrni<)net  then 
applied  to  the  arm  in  such  a  way  as  to  check  the  circulation,  the  tem- 
peratnr«?  of  the  hand  falls  0.55°.  If  on  the  contrary,  the  circulation 
hti  left  unimpeded,  ami  a  freezing  mixture  applied  to  the  elbow,  suffi- 
cient to  chill  the  ulnar  nerve,  when  sensation  has  lieeome  entirely 
atioUshed  the  temperature  of  the  corn'sponding  baud  rises  1.10'-'  or 
even  2.20-".  But  if  the  arm  be  emptied  of  blood,  the  tourniquet 
spplied.  and  the  ulnar  nerve  th«*n  chilled  to  insensibility,  the  tem|>er- 

^ac^^e  of  the  hand  no  longer  rises,  but  falls,  as  before,  0.55^.  This 
shows  that  the  rise  of  temperaturo.  in  the  second  experiment,  was  due 
jfe  increased  circulation  of  blood  in  tlv  paralyzed  parts. 
*  In  the  glandular  organs,  on  the  other  hand,  when  in  functional  activ- 
ity, the  rise  of  tem|KTature  is  an  active  one,  taking  place  in  the  sul»- 
stftnceof  the  gland  itself;  since  the  blood  passing  through  thcs**  orgaua 
becomes  warmer  instead  of  cooler,  and  receives  heat  from  changeg 
taking  place  in  the  glandular  ti.ssue. 

Equalization  of  Bndiltj  Tem]»*rntnre  btj  the  Circulation. — As  the 
production  of  heat  varies  in  diflV-rent  parts,  according  to  their  nutritive 
changes,  the  blood  acquires  a  higher  temperature  in  some  organs  than 


*  AxchivM  of  Scientific  and  Practical  Medicine.    New  York,  1873,  vol.  i.,  p.  364 


2fi8  FUNCTIONS    OF    NUTRITION. 

in  othors;  while  in  the  hinps  and  skiu  its  heot  diminishes  instead  of 
inereasinp.  If  the  blood  remained  at  rest,  thes*-  differenceft  would  l^ 
still  more  marked.  But  as  it  is  in  constant  motion,  from  the  circum- 
Icreuce  to  the  centre,  and  again  from  the  centre  to  the  circumference, 
the  effect  of  the  circulation  is  to  equalize,  in  great  measure,  the  temper- 
ature of  different  part,'?.  The  hkiod  coming'  from  the  general  iutegu. 
nient  with  a  diminishe<l  tenipera-ture  is  mingletl  with  that  of  the  mus- 
cular system,  vvhirh  has  become  warnied  during  its  capillary  circulation. 
The  blood  of  tjie  hepatic  veins,  which  is  the  warmest  of  all,  joins  the 
current  of  the  inferior  vena  cava,  with  a  somewhat  lower  temperature, 
returning  from  the  pelvic  organs  and  the  inferior  extremitieR.  It  is 
again  mingled,  at  its  entrance  into  the  right  cavities  of  the  henrt,  with 
the  blood  descending  from  the  head  and  upper  extirmities  by  the  supc 
rior  vena  cava.  The  whole  volume  of  the  blood  then  passes  through  tha^ 
bmgs,  with  the  eifect  of  still  further  moderating  its  temperature;  and 
the  arterial  Idood  is  distributed  to  the  various  parts  of  the  body,  to  gain 
warmth  in  some  and  to  lose  it  in  others,  aud  to  be  again  mingled  after 
a,  few  seconds  at  the  centre  of  the  circulation.  The  superabundant 
heat  of  certain  organs,  where  its  production  is  most  active,  is  con- 
stantly transferred  to  others  l>y  the  moving  column  of  the  blood;  and 
a  certain  equilibrium  of  temperature  is  thus  establislied  for  the  body  aa 
a  whole.  In  the  observations  of  Jiirgensen,  this  standard  temperature, 
as  measured  in  the  rectum,  was  found  to  vary,  within  narrow  limits, 
from  day  to  night,  aud  even  at  successive  periods  in  the  twenty-four 
hours.  These  fluctuations  are  no  doutit  duo  to  the  varying  functional 
activity  of  different  parts ;  the  total  amount  of  heat  produced  \mug  i 
increased  or  diminished  with  the  preponderating  influence  of  organs 
in  which  it  is  more  or  less  rapidly  generated. 

Regulation  of  the  Animal  Temperature. 

A  ceriain  tempi?rature  is  not  only  the  result  of  the  vital  actions ;  il 
is  also  necessary  to  their  aeeomplishment.  Even  in  vegetables  this 
temperature,  which  varies  within  moderate  limits  in  diflerent  plants,  it 
requisite  for  all  the  phenomena  of  growth  and  vitality.  A  seed  sown 
in  the  mosl  j>rtiductive  soil  does  not  germinate  except  under  the  influ- 
ence of  the  necessary  warmth  ;  and  its  germination  is  also  imj)Ossible 
if  it  be  exposed  to  a  heat  which  is  too  intense.  The  degrees  both  of 
heat  and  cold  which  favor  or  arrest  the  functions  of  vegetation  have 
been  in  many  instances  accurately  determined.  According  to  SachsJ 
the  limits  of  irerminatioo  for  wheat  aud  barley  are  between  5°  and  38*^ 
C,  and  for  Iridiau  rorn  between  y'  and  42".  The  irritability  and 
periodic  muvenients  of  the  sen.sitive-i)lant  do  not  show  themselves 
unless  the  temp<Tature  of  the  surrounding  air  be  above  15°.  In  air  h 
at  48°  to  50°,  ou  the  other  hand,  the  leaflets  become  rigid  in  a  't'^  ^ 
moments,  though  they  nmy  afterward  recover  if  the  temperature  be 
moderated ;  while  a  heat  of  53^  permanently  destroys  their  vitality. 
Thus  no  vegetative  function  can  come  into  activity,  unless  the  temper- 
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ature  of  the  plant  reaches  a.  certain  degree  nljove  freozinpj ;  and  it  ceases 
at  another  determinate'  tfmporature,  which  cannot  for  any  considerable 
tiniP  exceed  50".  Witiiin  these  two  Hniits  evoryve«retal»U'  functinn  has 
a  special  temperature  at  which  it  is  nuist  active;  diminij^hinc  in  inton- 
sitj  both  aboTe  and  below  thi»  point. 

The  same  is  true  of  the  animal  functions.  Each  impedes  of  niiieual 
ha8  a  definite  bodily  temperature,  which  cannot  be  raised  or  lowered 
beyond  certain  limits  without  injury.  Maniinalians.  whose  normal 
lemp^u'ttture  is  from  37°  to  40^,  become  innensible  and  soon  die,  when 
cooled  down  to  18"  or  SC,  which  is  the  natural  standard  for  reptiles  and 
fish ;  while  a  frog-  is  killed  by  beinp  kept  in  water  at  38^.  On  thr  t>lher 
hand,  mammalians  die  when  their  blood  and  internal  organs  are  heated 
up  to  46^,  which  is  precisely  the  normal  temperature  of  birds ;  and 
birds  are  fatally  affected  when  their  temperature  is  rai^^ed  to  48°  or  50**. 
Iti  every  case  the  vital  functions  are  seriously  disturbed  V)y  a  very  mod- 
erate chanjre  in  the  temperature  of  the  bodily  organs ;  and  in  the  niam- 
nmliaos,  ns  a  rule,  death  follows  when  this  change  amounts  to  an 
elevation  of  6°  or  7°,  or  to  a  depression  of  20°. 

Ju  man.  in  febrile  affections,  the  rise  of  temperature,  as  mettsured  in 
the  axilla,  yields  a  very  accurate  criterion  of  the  p^ravity  of  the  disease. 
An  increase  of  this  temperature  from  36.6°  to  37.5*^  or  38°  C.  indicates 
ft  mild  form  of  the  malady ;  but  an  increase  to  40°  or  40.5°  shows  that 
the  attack  is  severe.  Above  40.5°  it  is  a  symptom  of  great  danger; 
and  when  it  rises  to  42.5°  or  43 '  a  fatal  result  is  almost  inevitable,* 

Effects  of  Loiverijt'j  thr  Temperature  of  the  Animal  Body. — If  a 
warm-blooded  animal  or  man  Ijo  exposed  to  cold  in  such  a  way  that  the 
internal  beat  is  abstracted  faster  than  it  can  Ije  produced,  the  effect  is  a 
g'cneral  depression  of  the  vital  frmctions.  AfUir  a  short  period  of  pain 
in  the  more  exposed  parts,  the  skin  hecomep*  insensible,  the  muscles 
lose  their  energy,  the  movements  of  respiration  diniiniHh  in  frequency, 
and  the  nervous  system  bffcoraes  inactive.  In  man  a  marked  sluggish- 
Desft  of  mind,  and  a  disposition  to  sleep  have  been  observed  as  among 
the  symptoms  of  continued  exposure  to  unu.'jualiy  low  temperatures. 

The  general  effects  of  a  low  temperature  result  from  its  combined 
influence  on  all  the  organs  and  tissues.  According  to  Bernard,  if 
a  rabbit  or  guinea-pig  be  subjrrted  to  continuous  abstraction  of  heat, 
the  t-eraf)erature  of  the  animal,  as  t^aken  in  the  rectum,  gradually  falls 
|UID  38°  to  30°,  25°,  20°,  and  1 «- .  When  the  depression  has  reached 
point,  there  is  general  insensibility  and  paralysis,  with  feeble  and 
infrequent  respiration.  The  hcat-prodining  ]>ower  is  also  lost,  so  that 
if  the  animal  Ix*  withdrawn  from  the  apparatus,  and  kept  in  the  air  at 
lO**  or  12°,  its  temperature,  nevertheless,  continues  to  diminish,  and 
death  takes  place  after  a  short  time. 

But  when  in  this  condition,  although  most  of  the  vital  actions  are 
suspended,  and  the  animal  has  lost  the  power  of  maintaining  his  own 
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tcuiperature,  if  he  bo  supplieil  with  artiHcinl  warmth  op  to  a  certaio 
point,  he  may  rt'it^in  his  vitality,  and  the  processes  of  life  be  ag^iu  put| 
in  operation.     Th<'  rt'spiratinn,  which  had  been  reduced  to  a  miniiuiiuij 
by  the  action  of  cold,  g-nins  iti   rupidity  rt.<   the    body  is   nrt-ificiallyl 
warmed,  and  the  functions  of  the  nervous  and  muscular  syetems  are 
finftlly  restored. 

A  striking  example  of  t<?mporary  tsuspension  of  the  bodily  functions 
by  eold  it?  pre.><ented  by  the  hibernating  nnimah,  which  po«8  into  a  cor 
dition  of  torpor  durinjL,'  the  winter,  becoming  insensible,  unoonscioaa 
and  motionless,  while  respiration  i.s  nearly  imperceptible,  and  the  bodilj 
temperature  sinks  to  10*^',  or  even  below  it     Life,  however,  is  not  abol 
islied,  but  only  held  ia  al>eyance;  and  with  the  return  of  sprin^f  all  th«^ 
functions  resume  their  activity.     A  hihernating'  animal  is  somewhat  in 
the  condition  of  a  seed,  which  roniiuQH  in  the  irround  over  winter,  witb^n 
its  vitality  dormant,  and  ready  to  «ome  into  action  when  supplied  wilh)^| 
the  rrtpiisite  warmth. 

Effects  of  Elevatiny  Ihr  Tempernltire  of  the  Animal  Body. — If  the, 
temperature  of  the  body  be  raised  above  the  normal  standard,  thj 
effects  are  quite  diflereut  from  those  produced  by  cold.     In  the  oVi&ci 
vations  of  BtTnard,  on  birds  and  numuiialian.s  eonfined  in  heated  ail 
with  due  ventilation,  the  primary  eliects  were  increased  frequency  of  J 
respiration  with   discomfort   and   ai^itation ;   and   death  wa.s   ui^uallj 
acconifjanied  with  convulsive  movements,  or  preceded  by  an  audibU 
cry.     The  fatal  result  was  more  rapidly  proihiced  in   birds   than   in 
mammalia.     A  rabbit,  in  air  at  (55'^,  died  in  twenty  minutes ;  and  ^, 
bird,  in  air  at  the  same  temperature,  in  four  minutes.    This  difference 
is  probably  due  to  the  j^reatcr  activity  of  the  circulation  in  birds,  by 
which  external  heat  is  more  rapidly  transferred  to  the  internal  or^ani^;^ 
since  the  same  observer  found  that  when  two  rabbita,  one  living  and 
one  dead,  were  placed  in  air  at  100^,  the  internal  temperature  of  tl 
living  auimiil  became  sensibly  raised  sooner  thiui  that  of  the  dead  on< 
In  a  medium  of  hi^'h  temperature,  therefore,  a  fata!  amount  of  hei 
reaches  the  internal  organs  more  rapidly  by  the  circulation  than  b] 
conduction  through  the  solid  tissues. 

After  death  from  e.vposure  to  too  warm  an  atmosphere,  the  interni 
temperature  is  found  to  be  5'-^  or  t;°  above  the  normal  standard  ;  th< 
heart  is  motionless ,  both  the  muscles  and  the  nerves  are  in.sensible  t< 
galvanism ;  and  cadaveric  ri;u'idity  is  established  with  unusual  prompt 
itude.     In  many  instances  the  blood  is  found  dark-colored  in  the  art»-J 
rial   as  well   as   iu    the   venous   system;    but   this  is  a  post-mortem] 
change,  since  observation  shows  that  the  arterinl  blood  continues  roc 
during  life,  while  its  oxygen   di.*appears  and  its  color  darkens  aftcl 
the  stoppatre  of  respiration.     A  hiirh  temperature  produces  death  appa 
rently  by  hasleiiiug,  iti  undue  measure,  the  chemical  changes  in  th< 
tissues  and  fluids,  so  that  their  vitality  is  rapi<lly  exhausted  and  cai 
no  longer  be  maintained  by  tiie  usual  processes  of  nutrition. 

Resistance  of  the  Body  lo  Low  External  Temj^eratures. — Since  an 


m 


d 


ANIMAI-    HEAT. 


271 


I 


depression  of  the  tomp^'rature  of  the  body  is  followed  by  such 
sefioOB  results,  and  ttince  itfi  warmth  ii*  niaiutained  during  health  at  the 
normal  standard,  notwithstaudinjr  exposure  to  varyinj?  degrees  of  cold, 
it  is  evident  that  the  livinj?  organism  posj^esses  the  power  of  increasijig 
its  interzuil  prodaction  of  heat,  to  compensate  for  greater  loss  without. 
It  is  a  matter  of  common  obHervation.  that  moderate  external  cold,  if 
not  too  long  continued,  produce's  a  sense  of  warmth  and  increa-sed 
vigor,  instead  of  depression.  The  atmosphere  of  a  winter's  day,  or  a 
cold  shower-bath,  ac1«  as  a  stimulant  to  the  vital  processes;  and 
although  the  exposed  parts  of  the  skin  may  be  reduced  below  their 
Dormal  temperature,  the  body,  as  a  whole,  does  not  experience  a  loss 
of  warmth,  but  maintains  its  natural  condition  of  vitality.  It  is 
certain  that  in  these  circumstances  more  beat  must  be  produced  under 
the  influence  of  external  coJiL 

The  mode  in  which  this  result  is  accomplished  has  not  been  deter- 
mined with  precision.  It  is  plain  that  the  nervous  system  has  its 
share  in  the  process,  perhaps  by  directly  stimulating  the  molecular 
changes  which  are  active  in  heat-production.  There  are,  however,  two 
jinum^s  of  heat-supply,  which  evidently  play  an  important  part  in  main- 
taining the  temjHniture  of  the  body  under  exposure  to  cold. 

The  first  of  these  is  muntcnlar  arUvitt/.  It  has  been  shown  that  the 
museles  produce  a  considerable  quantity  of  heat  in  their  own  tissue,  and 
that  this  quantity  is  increased  by  muscular  contraction.  The  total  ]»ro- 
(Itiction  of  heat,  therefore,  for  the  whole  body,  must  l>e  au^^mcnted 
when  the  voluntary  muscles  are  thrown  into  activity.  Experience 
shows  that  this  is,  in  fact,  one  of  the  requisite  conditions  of  resistance 
to  cold.  The  stimulus  of  cool  air  upon  the  skin  excites  the  desire  for 
•dive  movement,  and  muscular  exercise  produces  a  compensating 
quantity  of  internal  heat.  But  if  the  body  be  exposed  to  even  mod- 
erate winter  weather  without  voluntary  motion,  it  must  either  be 
protected  by  an  unusual  quantity  of  clothing,  or  it  will  foon  feel  a 
depressing  effect  from  the  Iops  of  its  animal  heat. 

Secondly,  an  increased  production  of  warmth  is  provided  for  by 
increased  gupph/  of  fornl.  The  requisite  materials  for  heat-produc- 
tion, in  the  substance  of  the  tissues,  nre  primarily  derived  from  the 
ingredient?  of  the  fowl.  Even  a  recent  ingestion  of  food,  as  shown 
by  Senator,  increases  perceptibly,  in  the  dog,  the  amount  of  heat 
^nerated  within  a  given  time ;  and  for  longer  periods,  the  influence 
of  an  ample  or  a  scanty  sujurly  is  abundantly  manifest.  In  animals 
which  are  insufficiently  fed  or  ill-nouri.-ihed,  the  capacity  for  resistance 
to  cold  is  much  less  than  in  those  which  are  in  good  condition  and 
which  have  received  a  fair  quantity  of  food.  The  effect  of  moderate 
exposure  to  cold  in  the  healthy  condition,  is  to  increase  the  appetite. 
A  larger  quantity  of  food  is  habitually  taken  during  the  winter  than 
in  summer;  and  among  the  inhabitants  of  northern  and  arctic  rc- 
frions,  the  daily  consumption  is  greater  than  in  temperate  and  tropical 
climates. 
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It  is  not  necessary  to  assume  that  the  food,  thus  required  for  beat- 
production,  furnishes  directly  the  necessary  warmth  by  ita  congamp- 
tion.  Tht'  heat  is  no  doubt  geniTated  from  the  nutritive  changes  in 
the  Vjodily  tissues,  and  these  changes  are  continued  only  by  a.  supply  of 
food  sufficient  to  provide  for  the  demands  of  the  system. 

Rem»tance  of  the  Living  Bod  it  to  High  External  Temperaturrs.— 
It  has  Ijc'cn  seen  that,  in  man  and  warm-blooded  animals  generally, 
a  rise  in  the  bodily  temperature  of  G°  or  7°  is  certainly  fatal ;  and  yd 
the  body  may  be  orposed,  as  shown  by  rej>eated  observations,  to  much 
higher  decrees  of  heat  without  injurious  result.  According  to  Car- 
penter,* the  temperature  of  the  air,  in  many  parts  of  the  tropical  zone, 
rises  daily,  through  a  largo  portion  of  the  year,  to  43'^  C.  In  Bouthern 
Arizona,  the  temperature  at  midsunmier,  as  observed  by  Pumpelly.f 
ranges,  in  the  shade,  from  47''  to  52°;  and  it  is  well  known  that  the 
air  of  tniuiufaetory  drying-rooms  and  of  the  Turkish  bath  may  easily 
be  endured  when  considerably  above  45°,  Either  of  these  tempt^rv 
tnrcs  would  be  fatal  to  man,  if  they  indicated  the  actual  warmth  of 
tlie  internal  organs.  The  body  therefore  must  either  possess  some 
means  of  diminishing  its  own  bcat-jirotluotion,  or  else  of  compensating, 
to  a  cirtuin  extent,  extermil  temperatures  which  are  above  the  uormal 
standard. 

The  most  direct  means  of  moderating  the  temperature  of  the  body  is 
i\x&  cutaneous  permpirnf ion.  This  secretion,  derived  from  the  perspi- 
ratory ghmds  of  the  skin,  is  clear,  colorless,  and  watery,  with  an  acid 
reoction,  and  a  specific  gravity  of  1003  or  1004. 

It  is  a  Huid  of  very  simple  composition,  containing  over  99^  pe 
cent,  of  water,  and  more  than  half  its  solid  ingredients  consisting  of 
inorganic  salLs,     There  are  also  tract-s  of  ati  organic  substonee  similar 
to  albumen,  and  a  free  volatile  acid,  which  gives  to  the  secrctiou  its 
reaction  and  odor. 

The  perspiration  is  a  continuous  secretion.  In  a  condition  of  repose 
or  moderate  bodily  uctivity,  it  is  exuded  so  gradually  that  it  is  ut  once 
carried  ofiF  by  evaporation,  and  has  received  the  name,  under  these 
circumstances,  of  the  insensible  transpiration.  The  quantity  of  fluid. 
discharged  in  this  way,  according  to  Lavoisier  and  Seguin,  amounta. 
on  the  average  to  UOO  grammes  per  day.  In  oddition  to  this,  about 
500  grammes  are  discharged  from  the  lungs,  making  1400  grammea 
of  daily  exhalation  from  the  whole  body.  The  vaporization  of  this 
quantity  of  water  will  consume  T50  heat  units;  or  about  one-fifth  of 
all  the  heat  pruduced  in  ifie  body  during  twenty-four  hours. 

The  cutaneous  perspiration  may  Ik-  increased  by  temporary  causes. 
An  elevated  pxternnl  temperature  or  unusual  muscular  exertion,  will 
iocelerate  the  circulation  through  the  skin,  and  largely  augment  the 
UQoant  of  fluid  discharged.     It  may  then  exude  more  rapidly  than 
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it  can  lie  carried  off  by  evaporation,  collecting  upon  the  skin  as  a  visible 
moisture,  when  it  is  known  as  the  senxihle  perspiration.  The  amount 
discharged  during  violent  cxcrcisie  ha.H  Iweu  known  to  rise  as  high  as 
380  gratnmes  per  hour;  and  Southwood  Smith*  found  that  labortTs 
in  heated  gas-worke  flometinies  lost,  by  both  cutaneous  and  pulmo- 
nary exhalation,  nearly  IfiUO  grammes  in  the  same  time.  The  evapo- 
ration of  this  increased  t]Uantify  of  fluid  neutralizes  the  efTect  of  the 
heated  atmosphere,  and  thus  prevents  an  undue  rise  of  the  bodily  tem- 
perature. 

It  is  possible  that  certain  influences  transmitted  through  the  nerves 
may  also  have  the  power  of  controlling  directly  the  molecular  activity 
of  the  tissues,  and  may  thus  «limiiiish  the  amount  of  internal  heat  at 
the  source  of  its  production ;  but  the  experimental  nvidence  of  this 
action  is  yet  iucomplotc,  and  its  mode  of  operation  comparatively 
Jure. 

?he  production  of  animal  heat,  and  the  regulation  of  the  bodily 
temperatare,  by  which  it  is  maintained  at  or  near  a  normal  standard, 
arc  two  of  the  most  important  phenomena  presented  by  the  living 
^organism,  They  result  from  an  associated  series  of  vital  actions,  and 
are  at  the  same  time  essential  conditionB  for  the  coDtiDuance  of  life. 


*  Philonopby  of  Health.    London,  1838,  chap.  xlLL 
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CHAPTER    VI. 
THE    CIKCVLATION. 

THE  circulatory  nystem  is  an  apparatus  by  which  the  blood  is  trans- 
ported to  diflfcrcnt  regions  of  the  body,  and  by  which,  ailior  serving 
for  nutrition,  absorption,  or  secretion,  it  is  returned  to  the  lungs  for 
aeration.  By  this  movement  of  the  blood  in  a  continuous  circuit,  the 
materials  absorbed  in  the  alimentary  canal  are  conveyed  to  distant 
parts  for  their  nourishment  and  growth,  the  oxygen  taken  in  by  the 
lungs  is  distributed  throughout  the  body,  the  products  of  excretion 
find  their  way  to  the  outlets  of  the  system,  and  the  losses  by  exhala* 
tion  in  one  organ  are  made  good  by  absorption  in  another.  The  me- 
chanical function  by  which  this  is  accomplished  is  regulated  by  the 
conditions  of  compression,  fluidity,  and  resistance,  under  which  the 
blood  moves  through  the  blood-vessels. 

The  circulatory  apparatus  consists  of  four  different  parts,  namely, 
1st.  The  heart,  a  hollow,  muscular  organ,  which  propels  the  blood. 
2d.  The  arteries,  a  series  of  branching  tubes,  which  convey  it  to  dif- 
ferent parts  of  the  body.  3d.  The  capillaries,  a  network  of  inosculating 
tubules,  interwoven  with  the  substance  of  the  tissues,  bring^g  the 
blood  into  intimate  relation  with  their  component  parts ;  and  4th.  The 
veins,  a  system  of  converging  vessels,  which  collect  the  blood  from  the 
capillaries,  and  return  it  to  the  heart.  In  each  of  these  diJDferent  partB 
of  the  circulatory  apparatus,  the  movement  of  the  blood  is  dependmt 
on  special  conditions. 

The  Heart. 

The  structure  of  the  heart  and  its  relation  with  the  a^aoent  ▼o—li, 
is  particularly  connected  with  the  activity  and  mechanism  of  tetfin^ 
tion.  In  man  and  mammalians,  this  function  is  very  active,  and  Is 
performed  almost  exclusively  l)y  the  lungs.  The  whole  of  the  Uood, 
accordingly,  after  returning  from  the  ^KTiphery,  passes  throogh  the 
lungs  before  it  is  again  distributed  to  the  system  at  lai^  It  thnfl 
traverses  in  succession  the  general  circulation  for  the  whole  body,  and 
the  special  circulation  of  the  lungs.  The  mammalian  betft  (Fig.  67), 
consists  of  a  right  auricle  and  ventricle  (a,  b),  receiving  the  blood  from 
the  vena  cava  (t),  and  driving  it  to  the  lungs;  and  a  left  aaride  and 
ventricle  (/,  g)  receiving  the  blood  from  the  lungs  and  propelling  it 
outward  through  the  arterial  system. 

It  is,  therefore,  a  double  organ,  with  two  sets  of  muscular  caviti^, 
right  and  left;  its  right  cavities  being  devoted  to  the  circulation 
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throufrh  the  lun^s,  its  left  cavities  to  that  through  the  general  system. 
It  16  of  a  somewhat  conical  form ; 
it«  base,  situated  upon  the  me- 
dian linr,  being  directed  upward 
ajid  backward,  while  its  apex,  iu 
man,  points  downward,  forward, 
to  the  left,  surrounded  by 
|M.'ricardium,  but  capable  of 
a  certain  degree  of  lateral  and 
rotatory  motion.  The  Huricli'8, 
which  have  a  t^maller  capacity 
rtnd  thinner  walls  than  thi^  I'nt- 
lricle:ji,  are  situated  at  its  upp*  r 
and  posterior  part,  while  the 
rentrieles  occupy  it?  anterior 
and  lower  portions.  The  two 
ventricles,  moreover,  are  upcjti 
different  planes.  The  right  vt  u- 
tricle  is  somewhat  in  front  ami 

>vo   the  loft;    ho  that  in  an 

srior  view  the  greater  por- 
tion of  the  Irft  ventricle  is  con- 
cealed by  the  right,  and  in  a 
posterior  view  the  greater  por- 
tion of  the  right  ventricle  is  concealed  by  the  left ;  while  in  both 
|>ositions  the  apex  of  the  heart  is  constituted  altogether  by  the  point 
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of  the  left  ventricle. 

The  cavities  of  the  heart  and 
of  the  adjacent  blood- ves.sel8  on 
each  side,  though  continuous 
with  each  other,  are  partially 
separated  by  certain  construc- 
tions. The  orifices  by  which 
they  communicate  are  known 
by  the  names  of  the  auricular, 
anriculo-ventricular,  and  aortic 
and  pulmonary  orifices ;  the 
auricular  orifices  being  the  pas- 
stiges  from  the  vena)  cava?  and 
inilnionary  veins  into  the  right 
and  left  auricles  ;  the  auriculo- 
ventrieular  orifices  leading  from 
the  auricles  into  the  ventricles ; 
HioirrCAvnrisoFTiiK  iiKAicr;  Aoricuiivventricu.    and  the  aortic  and  pulmonary 

lar  Voire,  open.  Arterial  ValTe.clo«d.  ^^jg^^^    y^^^^^^    ^^^.^^^    ^^^    ^^^^ 

tricles  into  the  aorta  and  pulmonary  artery  respectively. 
The   auriculo-ventricular,  aortic,   and    pulmonary  orifices  are   fur- 
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Fig.  69. 


lUiiiiT  Cavitiis  of  the  Ukaat;  AuriL-ulo-vt.'iilricu- 
Ur  Valves  clixwd,  ArUirial  ViilTe«  opeii. 


Dished  with  valves,  which  allow  the  blood  to  pass  from  the  aoricles 

to  the  ventricles,  and  from  tbe 
ventricles  to  the  arteries,  but 
close  against  its  return  in  th» 
o|»poHite  direction.     The  cour;* 
of  the  blood  through  the  be 
is,  therefore,  as  follows.     Fro 
the    vena  cava    it   pa^^es   into 
the    right    auricle ;    and    from 
the  right  auricle  into  the  right 
ventricle.     On    the   contractioa 
of  the  right  ventricle,  the  tri' 
cuspid   valves   shut   back,    p 
venting    its    return     into    tba 
auricle   (Fig,   59);    and    it    is 
driven  through  the  pulmonary ^h 
artery  to  the  lungs,    Returnin^^f 
from  the  lungs,  it  enters  the  left      ' 
auricle,  thence  passes  into  the 
left  ventricle,  from  which  it 
delivered  into  the  aorta,  and  distributed  throughout  the  body.    The  twi 
streams  of  blimd,  arteiirtl  and  venous,  in  their  pus.sage  through  the  hear 
follow,   in   each    case,   a   eurvi-  p,Q  ^j, 

linear  and  more  or  less  spiral 
direction  •,  the  a.xes  of  the  cur- 
rents crossing  each  other  in  the 
right  and  left  cavities  respect- 
ively (Fig.  60).  The  venous 
blond,  received  by  the  right  au- 
ricle from  the  vena?  cavre,  passes? 
downward  ajid  forward  into  the 
ventricle.  It  there  turns  from 
below  upward,  from  right  to 
left  and  from  before  backward, 
through  the  couus  arteriosus,  t«i 
the  pulmonary  artery.  On  re- 
turning from  the  lungs  to  the 
left  auricle,  it  passes  downward 
into  the  left  ventricle,  wben  it 
makes  a  turn  like  that  upon  the    coek.sE  op  pi    i      i    i        h  .    iikaht-^v 

,    ,         .  ,  .  J,  ,     .  Vena  cava,  iiuperior  tiud  iiifurlut.    b.  fiiMbt  ri 

right    Bide,  passing    from    below        icicle,  c  Pulmonary  anery.   d.  PuUnou.ry 

upward  and  from  left  to  right,       e.  Left  TCDtrWe.  /.  Aona. 
behind  the  eonus  arteriosu.«i,  and  crossing  its  axis  at  an  acute  angle,  to  tbi 
cororoencement  of  the  aorta.    The  aorta,  though  at  its  origin  somewhat 
posterior  to  the  pulmonary  artery,  soon  comes  to  the  front  in  its  arched^^ 
portion,  while  the  piilmonnry  artery  runs  almost  directly  backward.  Thii|^| 
the  two  blood-currents  twist  spirally  round  each  other  in  their  coarse.  ^^ 
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The  pftseage  of  the  l)]ood  throuph  the  heart  Ih  accomplished  by 
alternate  coutractioa  and  rtlaxation  of  its  muHcular  walls ;  by  which 
successive  portions  are  deh'vered  from  the  auricles  into  the  ventriclefi, 
And  thence  into  the  arteries.  Each  movement  of  this  kind  is  caUed  a 
beat  or  pulsation  of  the  heart.  The  cardiac  pulsations  are  accompanied 
by  certain  phenomena  dependent  on  the  structure  of  th«  organ  and  its 
mode  of  action. 

Sound$,  Movement*,  and  Impulse  of  the  Heart. — The  sounds  of  the 
heart  are  two  in  number,  differing-  from  each  other  in  time,  tone,  and 
duration.  They  are  known  as  the  Jirst  and  second  souudb,  and  nmy 
be  heard  on  applying  the  oar  to  (he  che.st  nt  the  cardiac  region.  The 
first  sound  is  loudest  over  the  anterior  surface  of  the  heart,  particularly 
at  the  situation  of  the  apex  beat,  over  the  fifth  rib  and  fifth  intercostal 
ce.  It  is  comparatively  long  and  dull  in  tone,  and  fM;cupi<>s  one-half 
duration  of  a  beat.  It  corresponds  in  time  with  the  impulse  of  the 
heart  in  the  i)recordial  region,  and  with  the  stroke  of  the  largo  arteries 
in  the  vicinity  of  the  chest.  The  .second  sound  follows  almost  immedi- 
ately upon  the  first.  It  is  most  audible  at  the  situation  of  the  aortic 
and  pulmonary  valves,  namely,  over  the  sternum  at  the  level  of  the 
third  costal  cartilage.  It  is  short  and  distinct,  and  occupies  about  one- 
quarter  of  the  time  of  a  pulsation.  It  is  followed  by  an  equal  interval 
of  silence;  after  which  the  first  sound  recurs.  The  whole  time  of  a 
pulsation  may  bi-  divided  into  four  ((uarters,  of  which  the  first  two  are 
occupied  by  the  first  sound,  the  third  by  the  second  sound,  and  the 
foartb  by  an  interval  of  silence,  aa  follows : 

Time  and  Deration  ok  tiik  IlEAitT-SonroB. 
I    >^tq«ttrter|  j^^^^^^^j 

"d        "      i 
Oardiac  pulsation    j  „,        ..a        .         j 
'  j   3d  Second  Bonnd. 


Interval  of  silence. 


Thv  /ir«t  sound  of  the  heart  is  mainly  produced  by  the  tension  and 
sequent  vibration  of  the  auriculo-ventricular  valves  and  chordae 
lineac  at  the  time  of  vcnlrictUar  s^yslole.  It  may  be  imitated  by 
alt^raatisly  loosening  and  extending  a  tape  or  ribbon,  with  its  ends 
firmly  held  between  the  fingers  of  the  two  hands.  According  to  Chau- 
veau  and  Faivre,*  when  the  tension  of  the  auriculo-ventricular  valves 
ts  prevented,  in  the  horse,  either  by  dividing  the  chordte  tendinete,  or 
by  iDst>rting  into  the  auriculo-ventricular  orificf  a  short  tul)e,  from  1^ 
to  2  centimetres  in  <iiameter,  the  sound  is  cbanfr*^d  in  character,  and 
replacf-d  by  a  soft  murmur ;  »  reflux  of  Idood,  at  the  ."ame  time,  taking 
place  into  Ihe  auricle.  Valvular  tension  is  therefore  generally  admitted, 
as  a  cause  for  the  first  eound,  and  by  many  observers  is  regarded  as 
taUj  soflScient  to  account  for  it.    There  is  a  difference  of  opinion  as  to 


*  Dictionnaire  EncTclop&lique  dea  ScienoeB  M^dicalea, 
p.  344, 


Paris,  1876,  tome  xviiL, 
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the  admixture  of  another  element  in  its  production,  namely,  the  maaoii- 
lar  contraction  of  the  ventricular  walls.  But  from  tlje  evidence  thus 
for  presented,  it  appears  that  the  direct  share  of  mnscular  contraction 
in  the  first  sound,  if  it  exist  at  all,  must  bo  secondary  in  impnrtance  to 
that  of  valvular  tension. 

The  cause  of  the  second  sound  ia  universally  acknowledged  to  be  the 
Buddcn  closure  and  tension  of  the  aortic  and  pulmonary  valves,  under 
the  reaction  of  arterial  pressure  at  the  end  of  the  ventricular  Hystole. 
Those  valves  are  fibrous,  semilunar  festoonw,  which  yield  to  the  current 
of  blood  passing  from  the  ventricle  into  the  artery  (Fig.  59),  and  which 
shut  together  in  the  form  of  distended  sacs  (Fig.  58)  when  the  artery 
reacts  upon   its  contents.     Their  connection  with  the  second  pound' 
of  the   honrt,  which   occurs  at  the  same  time,  is  established  by  the 
following  proofs:    1st.  The  sound   is   beard  with  complete  distinct-, 
ness  directly  over  the  situation  of  these  valves  at  the  base  of  tb( 
heart;   2d.  The  farther  wo  recede  in  any  direction  from  this  point  J 
the  fainter  it  becomes;   and  3d.  All  experimenters  agree  that  when 
the  semilunar  valves  are  hooked  back  agaiu.^t  the  inner  surface  of  the; 
artery  by  curved  needlcH,  or  held  open  by  fine  springs  introduced  into 
the  vessel,  the  second  sound  disappears,  and  remains  absent  until  the 
valve.**  are  again  liberated. 

The  difference  in  character  between  the  first  and  second  sounds  of  the 
heart  is  apparently  due  to  the  difference  in  size  and  attachment  of  the 
auriculo-ventricutnr  and  the  semilunar  valves.  The  former  are  com- 
paratively broad  sheots  nltached  by  their  external  edges  to  the  auriculo- 
ventriculnr  fibrous  zones,  and  by  their  internal  edges  and  lower  sur- 
faces, through  the  chordte  tendinero,  to  the  musculi  papillares  of  the 
ventricular  walls.  The  latter  are  of  smaller  size,  and  attached  only  to 
the  fibrous  zones  at  the  base  of  the  large  arterie.*^.  In  imitating  the, 
effect  of  valvular  tension  with  a  pieeo  of  ribbon  or  other  woven  fabric, 
a  longer  piece  will  yield  a  sound  similar  to  the  first  sound  of  the  heart, 
a  shorter  piece  one  similar  to  the  second  sound. 

The  movements  of  the  heart  may  be  ob.Herved  in  the  dog,  or  other 
warui-bloc»ded  quadruped,  after  opening  the  chest  by  a  longitudinal 
incision  through  the  sternum  and  separating  the  costal  cartilagi3S  on 
each  side  at  their  junction  with  the  ribs ;  artificial  respiration  beinp 
maintained  by  the  nozzle  of  a  bellows  iu.>^erted  into  the  trachea.  The' 
aninui!  may  be  etherized  uud  rendered  permanently  insensible  by  tre- 
phining tlie  skull,  and  applyiug  cerebral  compression,  or  he  may  be  par- 
tially narcotized  by  a  preliminary  subcutaneous  injection  of  morphine, 
after  which  etherization  is  produced,  and  continued  with  great  facility. 
The  operation  of  opening  the  chest- and  exposing  the  thoracic  organs 
increases  the  rapidity  of  the  heart's  movements,  and  diminishes  their 
force ;  but  they  often  have  su£Bcient  vigor  to  continue  with  regularitr 
for  one  or  two  hours,  if  artificial  respiration  be  properly  maintained. 

When  exposed  to  view  by  this  means,  the  action  of  the  heart  is  so 
compHcatod  that  it  requires  a  close  examination  to  appreciate  its  char- 
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actrr.  It  is  ^^h\  ii»us  at  the  outlet  tliat  the  orps-nn  presents  itself  in 
two  different  cooditioni^,  altornatiuir  with  etitli  dtbor  in  rapid  suc- 
iion ;  namely,  a  condition  of  rest  and  a  condition  of  movement. 
of  these  is  tb«  condition  in  which  it  expels  the  blood  from 
the  ventricles  into  the  arteries;  the  other  is  that  in  which  the  ventri- 
cles are  aprain  filled  with  blood  from  behind.  Tlie  first  object  of  the 
otieerver  is  to  det€'rmine  the  time  at  which  each  one  of  thet<e  two  con- 
ditions presents  itself,  and  the  jthysicai  chanpff's  in  the  or;Eran  by  which 
it  is  ne<*onipflnied.  If  the  hearl  be  touched  or  pently  jerrasped  by  the 
fin^rs,  its  alternations  of  rest  and  movement  are  felt  to  <'orr<;spond  with 
Mmilar  variatioui*  in  its  consistency.  At  the  time  of  rt'st  it  i^  compar- 
atively soft,  and  yielding ;  at  the  time  of  its  movement  it  beconies  bard 
&ud  tense.  If  a  slender  silver  canula  be  inserted,  throngh  the  walls  of 
ibe  left  ventricle,  into  its  cavity,  the  blood  is  ejected  from  the  outer 
•fXirenjity  of  the  canula  at  the  instant  of  the  heart'.s  ten.-^ion  and  move- 
ment, while  its  flow  is  suspended  in  the  intervals  of  repose. 

It  is  evident,  therefore,  that  the  time  of  the  heart's  movement  is  that 
of  the  ventricular  systole,  in  wliieh  the  muscular  walls  of  the  ventricles 
close  u[K)n  their  contentt-.  and  prnpel  the  blood  into  the  arterial  sys- 
tem. Like  other  muscles,  the  heart  assumes,  at  the  instant  of  contrac- 
tion, a  condition  of  rigidity,  readily  perceptible  on  placing  the  fingers 
in  contact  with  its  surface. 

If  the  muscular  fibre-s  of  the  heart  raii  in  a  straight  direction  be- 
tween their  points  of  origin  and  insertion,  its  ehaiiges  of  form  and 
ftositiun,  like  those  of  most  voltintary  muscles,  would  be  compara- 
tively simple.    But  they  are  in  the  form  of  elongated  curvilinear  loops, 

Bch  have  their  origin  in  the  fihrous  zones  at  the  base  of  the  organ, 

I,  after  embracing  the  ventricular  cavities,  return  to  lie  inserted  into 
the  same  fibrous  zones  or  into  the  chordse  tendines.  As  the  entire 
't,  furthermore,  is  attached  at  its  base,  while  its  body  and  apex  are 

►Table,  the  united  action  of  its  fibres  produce.^  a  combination  of 
fiimDitaneous  movements  ditferent  from  thoj^e  of  otluT  muscular  organs. 

in  an  anterior  view  of  the  dog's  heart,  the  base  of  the  organ,  at 
each  ventricular  systole,  ttp])ears  to  approach  its  apex.  The  point  of 
the  heart  is  at  the  same  time  protruded,  tilted  slightly  from  left  to 
right,  and  rotated  in  the  same  direction  on  its  longitudinal  axis. 
The  protrusion  of  the  apex  can  Ix;  felt  somewhat  forcibly  by  the  end 
of  the  finger  applied  lightly  to  its  surface,  and  it  can  also  be  shown  by 
the  movement  of  a  long  steel  needle  suspended  vertically  on  a  hori- 
zontal axis,  so  that  its  lower  extremity  touches  the  point  of  the  heart. 
At  each  cardiac  systole,  the  upper  end  of  the  needle  moves  backward. 
as  its  lower  end  is  thrown  forward  by  the  protrusion  of  the  apex. 
At  the  eame  time,  the  body  of  the  organ  is  im-reased  in  thickness  from 
its  anterior  to  its  posterior  surface,  and  diminished  in  its  transverse 
diameter,  that  is,  from  the  right  to  the  left  lateral  border.  All  these 
phenomena  depend  uu  the  anatomical  arrangement  of  the  contracting 
fibres. 
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The  descent  of  the  base  of  the   heart  in  front  toward  its  apex  is 

due  to  th»i  I'ontraetion  of  the  ri.Lrht  ventricle,  which  occupies  most  of 
the  uuterior  surface  of  the  orfran,  beitjg  wrapped  round  the  left  vett 
triclo  from  below  upward  aud  froiu  right  to  left,  and  continuing  i' 
course  in  this  directiou,  as  the  eouiis  arteriosus,  to  the  base  of  the  pul- 
monary artery.    Its  superficial  nuiseular  fibres  run  obliquely  from  abov©' 
downward  and  from  right  to  left,  utiiting  with  those  of  the  left  ven« 
tricle  at  the  intervetitricuhir  sulcus.     The  base  of  the  heart  in  an  ant 
riorview  is  therefore  the  upper  border  of  the  rijfht  ventricle  and  conm! 
arteriosus ;   and  it  is  broutrht  downward,  by  the  contraction  of  th© 
desceuding  mutK-ular  fibres,  toward  the  interventricular  sulcus  aud  th6> 
point  of  the  heart.     The  principal  part  of  the  cardiac  mass,  iu  w 
blooded  tjuadrupeds,  consists  of  the   left  ventricle ;    while   the   righ 
ventricle  is  an  additional  chamber  or  covered  passage-way,  lending  to- 
the  pidnionary  artery,  very  visible  in  a  front  view,  owing  to  its  &ita&- 
tion,  but  forming  a  small  portion  of  the  substance  of  the  organ.     The 
relative  volume  of  the  two  ventricles  may  be  shown  by  a  transverse 
section  of  the  heart  in  its  contracted  condition.      The   left  ventricle 
forms  a  thick  muscular  cone,  with  its  cavity  nearly  in  the  centre  of 

the   cardiac   mass;    while   the    right 
ventricle  is  a  corajtaralively  inconsid< 
ernhk'  layer  of  fibres  attached  to  the 
surface  of   the    urgau    and  enclusiny 
a  cavity  of  luore  linear  aud  flatten 
foriu.      Its  contraction,  acconlingly, 
may  produce  a  marked  change  iu  ih 
sii}>erticial  asi>eet  of  the  heart,  with-" 
out  causing  an  important  alteration 
in  its  entire  form. 

The  deviation  of  ihe  hearths  ape: 
toward  the  riglit,  and  its  axial  rota-J 
tiou  in  the  same  direction,  at  the  ven** 
iricular  systole,  are  caused  by  the  obliquity  of  the  external  cardiac 
fibres,  and  the  mode  of  their  penetration  at  the  apex.  The  most; 
superficial  of  these  fibres,  ruruiiug  obliipjcly  from  above  downwar 
aud  from  right  to  h>ft,  at  the  time  of  their  contraction  tilt  the  point 
of  the  heart  slightly  toward  the  right.  Near  the  a]iex  of  the  organ, 
they  curl  round  its  axis,  and  suddenly  change  their  direction,  passin; 
into  the  interior  of  the  ventrieies  as  dccp-scated  fibres,  aud  then 
running  upward,  to  terminate  in  the  chordai  tendinere  and  uuriculo*! 
ventricular  zones. 

They  thus  form,  exactly  at  the  point  of  the  heart,  a  whorl  or  voirtex 
of  converging  fibres.  Muscular  fibres,  arranged  in  this  way,  necessarilj 
tend,  in  contracting,  to  straighten  themselves  and  untwist  the  spiral. 
At  the  ventricular  systole,  therefore,  the  heart  rotates  on  its  axis,  from 
left  to  right  anteriorly,  and  from  right  to  left  posteriorly.  This  pro- 
duces the  twisting  movement  perceptible  at  the  apex. 


TSAKSVKHyK   StCTION    (IF  TUR    bt'UX>CK'» 
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protrusion  of  the  point  of  the  heart  in   contraction  has  been 

>Tariou6l3'  regarded ;  tirst  as  an  elongation  of  the  cone  formed  hy  the 
Fio.52. 


J\i 


Fro.  63. 


BPtX(KTK">l 

•Itowtu^ 

tbttt. 


Heaut,    anterior     Tirw, 
the    luiMiritclal   muscular 


roMVxnoiiio  Spikal  Kirrbs  at  thk  Aprz  of  tbx 
HiUitT.— The  diK<ctloti  of  th«  arrows  ipdlcatea  that  of 
the  rotaiiuy;  mov<.>mviit  of  iht)  h«art  ut  ibu  ventrkular 

left  ventricle,  and  secondly,  as  a  movement  of  the  whole  heart,  due  to  a 
recoil  from  the  blood  fxpelled  from  it  under  pressure,  or  to  a  reaction 
of  thi?  distended  arteries  ut  its  base.  Many  of  the  earlier  observers 
(Qalen,  Vcsalius,  Harve)-,  Riolanus,  Borelli,  Winslow)  found  the  longi- 
tudinal diameter  of  the  heart  increased  at  the  moment  of  systole,  and 
its  transverse  diameter  tliniinlshed.  Peniioek  and  Moore,*  in  1839,  in 
a  series  of  experiments  on  sheep,  calves,  and  horses,  also  observed  an 
elongation,  the  extent  of  which  they  measured  with  a  graduated  rule. 
On  the  other  hand  sonjc  of  the  earlier,  and  nearly  all  the  more  recent 
writers  of  eminence  (Lower,  Hallcr,  Longet,  Carpenter,  Flint,  Rainke, 
Cbauveau,  Burdon-Snnderson)  are  of  opinion  that  the  heart  shortens 
during  systole,  being  diminished  in  both  its  longitudinal  and  trans- 
verse diameters,  In  our  own  observations  we  have  always  seen  reason 
to  admit  that  the  forward  movement  of  the  apex  is  due  to  an  elonga* 
tion  of  the  heart  at  the  mnnu  nt  of  systole.  This  is  not  easily  percep- 
tible in  a  front  view,  owing  to  the  prominent  action  of  the  right  ven- 
iricle  on  the  anterior  surface  of  the  organ.  But  if  the  heart  be  tilted 
upward  and  viewed  from  its  posterior  surface,  formed  mainly  by  the 
left  ventricle,  while  itp  base  is  firmly  held  hy  the  fingers  placed  upon 
the  great  vessels,  at  every  contraction  its  sides  will  1>e  seen  to  approxi- 
mate each  other,  and  its  point  to  protrude ;  that  is,  its  longitudinal 
diameter  is  increased,  and  its  transverse  diameter  diminished.  The 
end  of  the  finger  in  contact  with  the  apex  is  forcibly  thrown  upward 
by  the  contracting  ventricle,  and  a  light  rider  of  jwiper  placed  on  the 
*  Medical  Examiner.    Philadelphia,  1839,  No.  44. 
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point  of  the  heart  is  carried  in  the  some  direction.     If  an  ivory 
porcelain  ro«l  he  held  horizontally  just  above  the  heart  in  this  position 
the  apex  rises  visibly  toward  the  rod  at  eaeh  ventricular  Bvstole,  at 
recedes  from  it  in  the  same  degree  at  ea<:"h  diastole. 

Sueh  ail  elongation  can  only  be  explained  by  the  arrangement  of  ti 
libreH  in  the  veutrieular  wall.     Ev<Ty  museular  fibre,  during  ronti 
tion,  increases  in  thickues!?  while  diminishing  in  length;  so  that  i| 
volume   remains  the  same.     The  superficial  cardiac  fibres  which  n 
obliipiely  downward  to  tht?  point  of  the  heart,  and  then  turn  upwai 
along  its  intirual  surfafe  to  their  in>*ertion  in  the  auriculo-ventrieuli 
zones,  ^^'ould  have  the  effect,  if  they  acted  alone,  to  draw  the  point 
base  of  the  organ  together  and  thus  to  shorten  the  heart.    But  hetwt 
their  supurfieial  and  internal  layers  there  are  deep-poated  fibre*?,  ninnit 
in  a  nearly  circular  direction  round  the  axis  of  the  ventricular  cavit] 
Those  circular  fibres,  which  are  nearly  wanting  on  the  right  side,  ai 
very  abundant  in  the   left,  rentriele  and  form 
large  part  of  its  muscular  walls.     In  the  ventrici 
lar  systole  they  contract    upon  the  blood    in  ti 
ventricular  eiavity  like  the  (iuger.s  of  a  closed  handJ 
By  their  contraction  they  tend  to  obliterate  the 
ventricular  cavity,  and   by  their  latx*ral  swelling 
at  the  same   time  they  exert  a  pressure  from  the 
base  of  the  hiart  toward  its  point,  causing  a  pre 
triision  of  the  ajiex. 

The  impulse  of  the  heart  i&  a  stroke  of  tlio  a( 
against  the  walls  of  the  chest,  usually  perce])tibl 
both  to  sight  and  touch,  at  the  time  of  ventrici 
liir  systole.  In  man  it  is  felt,  as  a  rule,  in  ll 
fifth  intercostal  space,  about  midway  between  tl 
left  ('dge  of  the  sternum  and  a  vertical  line  dra^ 
through  the  left  nipple.  But  its  location  varies  somewhat  with  tl 
attitude  and  the  resjiiration,  owing  to  changfs  of  position  of  the  heal 
within  the  chest.  In  the  recumbent  posture,  when  lying  on  the  le( 
side,  the  situation  of  the  hearfs  impulse  is  shifted  from  one  and  a  half 
two  centimetres  farther  outward  from  the  median  liue.  When  lying  ol 
the  right  side,  it  inny  l)e  iiltogetliiT  imperceptible.  In  every  postm 
it  disappears  when  the  chest  is  fully  expanded  in  inspiration,  as  th« 
cardiac  surface  ia  then  completely  covered  by  the  lungs.  But  if  inspira- 
tiotj  be  perfurnied  by  the  diaphragm  alone,  the  chest  remaining  fixed,  the 
descent  of  the  heart,  as  it  follows  the  diaphragm,  is  indicat^ni  by  the 
changed  )>osition  of  the  impulse.  This  is  most  distinctly  .shown  in  thfl^f 
recumbent  po.sture  on  the  left  side ;  when,  in  moderate  expiration,  ih^^' 
heart's  impulse  is  felt  in  the  fifth  intercostal  space,  but  in  full  inspi- 
ration, using  the  diiijihrajrm  alone,  it  disappears  from  that  point  nat 
is  felt  in  the  sixth  iulerco.-jtal  space.  In  the  erect  posture  the  impuls 
may  also  he  felt  in  the  sixth  intercostal  space  after  full  inspiration  by 
the  diaphragm  alone. 


L&n  Vkktkklic  ni'  Hit,- 
uh'k's  Hkabt,  sliowlnj! 
its  di9P[>  fibres. 
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The  immodiHto  cause  of  the  cardiac  impulse  is,  without  question,  the 
shock  of  the  heart  a^rainst  the  walls  af  the  cheet.  Its  eharacter,  its 
coincidence  in  time  with  the  ventricular  systole,  ht*  position,  and  its 
variation  with  the  changes  of  attitude  and  respiration,  all  indicate  its 
dependence  on  the  muscular  action  of  the  hearths  apex.  As  to  the 
exact  numncr  in  which  it  is  produced  there  is  a  difference  of  opinion. 
By  some  a  largre  share  is  attrilMitcd  to  the  direct  protrusion  of  the  n[ic'X 
*nd  its  lateral  movement  toward  the  rig-ht ;  both  of  which  would  bring 
it  iu  contact  with  the  chest  with  .•^uHicieut  force  to  lift  the  integuments 
at  the  intercostal  t^paces.  Other.*  regard  it  as  due  to  the  sudden  harden- 
ing? of  the  ventricle  at  the  time  of  systole  and  the  slipbt  inerea.^e  in  its 
autero-posterior  thickne.'^is  at:  the  same  time.  It  is  certain  that  the  heart 
in  contraction  acquires  a  mucli  firmer  eon.'iistency,  and  this  undoubtedly 
adds  to  the  effect  of  the  protrusion  and  movement  of  the  apex,  as  felt 
externally. 

Rhtjthm  of  the  HenrVg  Action. — The  succession  of  phenomena  in  a 
cardiac  pulsation  consists  of  a  double  series  of  contraction."*  and  relaxa- 
tions ;  namely,  those  of  the  auricles  and  those  of  the  ventricles.  The 
(two  fturicles  contTnet  simultaneously  with  each  other,  and  afterward 
itlie  two  ventricles;  and  in  rach  case  the  contraction  is  followed  by  a 
relaxation.  The  auricuhir  contraction,  which  is  short  and  compara- 
tively feeble,  occupies  the  first  part  of  the  time  of  a  pulsation.  The 
▼entricular  contraction  is  lonper  and  more  powerful,  and  occupies  the 
latter  part  of  the  same  period.  Then  comes  a  short  interval  of  repose, 
after  which  the  auricular  contraction  again  recurs.  The  auricular  and 
l-ventricular  contractions,  however,  are  not  completely  separated  from 
leach  other,  like  the  alternate  strokes  of  two  pistons  iu  a  forcing-pump, 
but  are  in  some  mea.-^ure  connected  and  continuous.  The  muscular 
[action,  after  iK'ginninq-  at  the  auricle,  is  at  once  propagated  to  the  ven- 
tricle and  runs  rapidly  toward  the  npex.  The  entire  ventricle  contracts 
vigorously,  its  walls  harden,  its  point  i>rotrudes,  impinges  against  the 
oralis  of  the  chest  and  twists  from  left  to  right,  the  auricnlo-ventricnlnr 
valves  shut  back,  the  first  sound  is  produced,  and  thn  blood  is  driven 
into  the  arterial  system.  These  phenomena  occupy  about  one-half  the 
time  of  pulsation.  Then  the  ventricle  is  relaxed,  and  a  pfriod  of  repose 
ensues.  During  this  period  the  blood  flows  from  the  large  veins  into 
the  auricle,  and  through  the  auriculo-ventricular  orifice  into  the  ventri- 
cle; filling  the  ventricle,  by  a  kind  of  pa.ssive  dilatation,  about  two- 
thirds  or  three-quarters  full.  Then  the  auricle  contracts  with  a  quick 
motion,  forcing  the  last  drop  of  blood  into  the  ventricle,  and  distending 
it  to  its  full  capacity  ;  when  thf  ventricular  contraction  again  takes 
place,  driving  the  blood  into  th«'  large  arteries.  These  movements 
alternate  with  each  other,  and  form,  by  their  recurrence,  the  successive 
cardiac  pulsations. 

The  successive  elements  in  a  cardiac  pulsation,  and  the  corresponding 
variations  of  pressure  in  the  atiricular  and  ventricular  cavities,  are  most 
distinctly  shown  by  means  of  the  double  cardiograph,  a  registering 
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apparatus,  first  employed  by  Marey.*    The  apparatus  is  composed  of] 
two  parts;  first,  an  instrument  introduceU  into  the  cardiac  cavities, 
receive  and  transmit  their  variations  of  pressure;  and  secondly,  a  rej 
isittiring  maehiuc,  by  which  these  variations  are  permuneutly  recordecL 

The  first  instrument  consists  of  two  slender  parallel  tubes,  of  sue 
lenj^th  that,  when  introduced  into  the  jugular  vein  of  the  horse.  on( 
will  reach  the  cavity  of  the  right  auriek',  the  other  that  of  ihe  riirl 
ventricle.  The  lower  extremity  of  each  tube  is  widely  fenestrated  and 
covered  with  an  elastic  membrane,  to  receive  the  pressure  of  the  bloc 
ID  the  cardiac  cavity.  The  upper  extremity  is  connect<»d  by  a.  flexibl 
tube  with  a  shallow  mrtfillic  cup  or  drum,  also  covered  with  an  elai^tjl 
membraue.  By  this  means  tbe.  pressure  of  the  blood  within  the  auric 
or  ventricle  is  eonimuuicated  to  the  corresponding-  external  drum,  Uj 
each  drum  rests  a  light  lever,  in  such  a  way  that  any  increased  pressu 
within  the  drum,  which  distends  its  elastic  membrane,  lifts  at  the  .sai 
time  the  farther  end  of  the  lever.  Consequently  the  oscillation  of  the 
two  levers  indicates  the  variations  of  pressure  within  th«-  auricle  anc 
ventricle  respectively. 

The  registering  machine  consists  of  a  revolving  cylinder  or  strip 
paper,  moving  by  clockwork  at  a  uniform  rate,  with  which  the  extrem 
ties  of  the  levers  are  in  contact,  and  upon  which  they  trace  correspond- 
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ing  lines.    When  the  pressure  in  either  cardiac  cavity  is  UDiforin,  \\ 
lever  will  trace  upon  the  revolving  cylinder  a  f<traight  line ;  but  whei 
ever  this  preissure  is  increased  the  line  will  rise  above  the  horizooti 
and  when  it  is  diminisheil  the  liti<'  will  sink  to  a  corresponding  levi 
The  upward  and  downward  sIojkjs  of  tbe  two  tracings  will  therefoi 
record  the  time,  rapidity,  force,  and  duration  of  all  changes  in  pree 
in  the  right  auricle  and  right  ventricle  of  the  animal  under  observation^ 
The  tracings  obtained  by  this  method  (Pig.  <)5)  show  that  the  eon- 
traction  of  tbe  auricle  precedes  by  a  very  short  interval  that  of  the 


*  Phjsiologie  M^dicale  de  la  Circulation  du  Sang.    Parie,  1863,  p.  ^ 
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ifiOtricle.  It  is  also  momentary  in  duration,  the  line,  after  roachinji:  its 
dtnum  elevation,  immediately  descendinj?  nearly  to  lis  former  level. 

*ii  follows  a  series  of  undulations,  dut-  tu  tlic  vibrntion  nf  the  aurioiil«>- 
Tttntrioular  valves,  alrt^ady  closed  by  the  contriietioii  of  the  vnntriele. 
The  pressure  in  the  relaxed  auricle  then  slowly  increases  by  the  influx 
of  blood  from  the  irreat  veins,  until  the  time  arrives  for  a  8eoond  auric- 
ular contraction,  when  it  ssiiddenly  ri.set*  to  a  maximum  and  agrain  fnllw 
as  before.  The  ventricular  contraction,  which  follows  almost  immwli- 
alely  that  of  the  auricle,  i»i  nmch  more  powerful,  but  requires  a  little 
loD^er  interval  to  arrive  at  itt^  maximum,  and  it^  t;ntire  duration  is  at 
least  three  time^  as  lonjr  as  that  of  thf  uuriek*.  It  will  be  aeen  that 
during  the  slow  fillintr  of  the  auricle  with  blood,  a  similar  partial 
increase  of  pressure  takes  place  in  the  ventricle;  and  the  maximum 
pressure  in  the  auricle  corresponds  in  time,  with  a  momonlary  undula- 
tion in  the  ventricle,  imnicdiutely  foUowed  by  the  extreme  riije  of 
pressure,  due  to  the  ventriculnr  contraction 

The  exploration  of  the  left  cavities  of  the  heart  by  thet*e  means,  is 
much  more  difiicult  than  that  of  the  riy-ht,  but  Marey  succeeded,  in 
**fveral  cxperimentj?,  in  introducLnji;  pressure-tubes  simultaneon.^ly  into 
the  ri^ht  auricle  and  ventrirk',  through  the  jujfular  vein,  and  into  the 
kjfl  ventricle  through  the  carotid  artery,  and  in  asccrtainiu;?  the  com- 
parative pressure  in  these  cavities,  as  measured  in  millimetres  of  the 
mercurial  column.  In  one  instance  the  force  indicated  l»y  the  different 
prcseure-gaugcB  was  as  follows : 

Pkkiwikk  of  Blood  in  tuk 
Right  Auricle  2.5  mm. 

Riiflit  Ventricle  .  25.0    " 

Ufl  Veutricle     .  12«.i|    *' 

The  relation  in  force  between  the  two  ventricle<*  varied  somewhat  in 
diffi'rent  animals,  according"  to  their  l>odily  condition  and  the  state  of 
the  circulation;  but  taking  all  the  observations  together,  the  force  of 
pressure  in  the  left  ventricle  was  in  general  from  three  to  five  times 
greater  than  in  the  right. 

The  pressure  to  which  the  blood  is  subjected  in  the  ventricles  is 
therefore  much  greater  than  in  the  auricles;  and  it  is  prevented  from 
reacting  in  a  backward  direction  by  the  closure  of  the  auriculo-veutricu- 
Ur  valves.  The  force  of  the  right  ventricle  is  e.xi>ended  on  the  blood 
in  its  passage  through  the  pulmonary  artery  and  the  pulmonary  capil- 
laries; while  that  of  the  left  ventricle  is  suflicient  for  its  propulsion 
through  the  general  arterial  system. 

The  Arterial  CirculatioiL 
The  arteries  are  a  system  of  branching  tubes,  which  commence  \sith 
the  aorta  and  ramify  throughout  the  body,  distributing  the  blood  to 
the  ])eripheral  vascular  organs.  They  consist  of  three  principal  coats, 
namely,  an  inner  coat,  composed  of  thin  elastic  laminae  lined  with 
flattened  epithelium  cells ;  a  middle  coat,  containing  elastic  tissue  and 
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UDstriped  muscular  fibres,  arranjtred  transversely  around  the  vesdei;  and 
an  t'.rterrtal  ooat  of  pondcnsed  c<»nnective  tissue,  Tho  f»rinri])al  difler- 
ence  lietween  the  larjrer  and  smaller  arteries  is  in  the  structure  of 
their  middle  coat.  In  the  Bmaller  arteries  thlB  is  composed  exclusWely 
of  muHcular  fiVircs.  In  nrU^ries  of  medium  sizo  it  confuina  both  m»js- 
eular  and  elastie  tissue;  whiiu  in  those  nf  the  lar/?est  calibre  it  eonsiisU 
of  ehistir  tissue  nlonr.  The  larjfe  arterii's,  nrx'ordiu«'ly,  ho%'e  mucb 
elasticity  and  but  little  contractility  ;  while  the  smaller  are  conlracUlc, 
and  IcBw  elastic. 

Movrmevf  of  lilood  through  thf  Arterial  Si/sfem. — The  xnovemonl 
of  the  blood  in  the  arteries  is  due  to  the  impulse  of  the  ventricuUr 
systole.  The  arterial  system  may  be  rejjardod  as  a  {?Teat  vascular 
cavity,  subdivided  by  the  successive  branphinpr  of  iti?  vessels,  but 
coramuuieating^  frwly  with  the  heart  at  one  extremity,  and  with  the 
capillar\'  plexus  at  the  other.  At  the  time  of  the  heart's  contraction, 
the  muscular  walls  of  the  ventricle  close  upon  its  contents;  and  oa 
the  auriculo-ventricular  valves  shut  back  and  prevent  regurgitation, 
the  blood  is  forced  out  from  the  ventricle  throuirh  its  arterial  orifice-. 
As  the  ventricle  relaxes  it  is  again  filled  with  blood  from  the  auricle, 
BTid  delivers  it,  as  before,  by  a  new  coutrnction.  into  the  arteries. 
Under  these  recurring  impulses  the  blood  moves  from  the  heart 
through  the  arterial  .system. 

Arteriol  Pnlstp. — At  enrh  ventricular  systole  a  nharge  of  bbtod  ia 
driven  into  the  arteries,  distending  them  by  the  additional  fluid  forced 
into  their  cavities.  When  the  ventri<.'le  rela-xes,  its  dtsiending  force  is, 
suspended;  and  the  elastic  arterial  walls,  reacting  upon  their  contents, 
would  drive  the  bloml  buck  into  the  heart  were  it  not  for  the  closure  of 
the  semi-lunar  vah'es,  which  prevent  a  backward  movenjent.  The  blood 
is  accordingly  propelled,  under  the  elastic  pressure  of  the  arterial  walls, 
into  the  capillary  syBtcm.  When  the  arteries,  thus  partially  emptied, 
have  returned  to  their  previous  dimensions,  they  are  agaiu  distended 
by  another  contraction  of  the  heart.  This  produee>,  throughout  the 
arterial  system,  a  succession  of  expansions  and  reactions,  knowii  as  the 
arterial  pulse. 

Since  each  arterial  expansion  is  produced  by  a  ventricular  systole., 
the  pulse,  as  felt  in  any  superficial  artery,  is  o  convenient  guide  for 
ascertaining  the  character  of  tbe  heart's  action.  The  x'adial  artery  at 
the  wrist,  owing  to  its  accessible  situation,  is  usually  employed  for 
this  purpose.  .\ny  variation  in  the  frequency,  foice,  or  regularity  uf 
the  heart's  movement  is  indicated  by  a  corresponding  modilicaiion  of 
the  pulse  at  the  wrist. 

The  average  frequency  of  the  pulse  in  man  is,  for  the  adult  male  in 
a  state  of  quiescence,  7t)  beats  per  minute.  This  rate  may  be  accel- 
erated by  nuiseulnr  exertion.  Kven  th>'  variation  of  muscular  effort 
between  the  standing,  sitting,  and  recumbent  postures,  will  make  a 
difference  in  the  fr<'quency  of  the  pulse  of  from  8  to  10  beats  p^ 
miiiute.    Age  has  a  marked  influence  in  the  same  direction.    According 
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t<i  Carpenter,  the  pulne  of  the  foetus,  before  birth,  L*  about  140,  and 
that  of  the  newly-ljorn  infant  130.  During  the  first,  second,  and 
ihird  years  it  jyTadually  falls  to  100;  by  tlu-  fourteenth  year  to  80; 
mid  13  reduced  to  the  adult  standard  by  the  twenty-flrst  year.  At 
every  ag«,  mentnJ  excit*'nieut  may  produce  a  temj)orary  acceleration, 
varying  in  dei^reo  with  tlie  peculiarities  of  the  individual. 
As  a  rule,  the  rapiility  of  the  heart's  action  is  in  inverse  ratio  to  ita 

Ifor«».  A  hIow  pulse,  within  phyj^iologieal  limits,  in  usually  a  Rlronjf 
ODC,  and  a  rapid  puli^e  comparatively  feeble.  This  Im  egpeciully  notice- 
»blc  in  the  lower  animals,  when  the  force  of  the  heart's  action  ia 
»?.tjK'rinientHny  inoasured  by  the  arterial  impulse;  nn  iucreaseil  fre- 
ijuency  of  the  eanliac  pulsations  being  almost  invariably  accomjjanied 
by  a  diminution  in  their  stren^'th.  The  same  ia  true  in  disturbance 
of  the  heart's  action  from  morbid  causes ;  the  pulse  in  febrile  or  other 
dehflitatin^  affections  Ijecominjr  weaker  as  it  g'rows  more  rapid.  An 
♦•xcef?*^ive  rapidity  of  the  pulfo  is  an  indication  of  great  danger,  and, 
in  tlie  adult  male,  a  continued  rate  of  IfiO  i»er  minute  is  almost  inva- 
riably a  fatal  symptom. 

I  Increased  Cvrvntnre  of  the  Arterirs  in  Puhntinn. — In  the  di.stcn- 
*ik>D  of  the  arteries  under  the  force  of  the  ventricular  syfttole,  these 
r^jtsela  arc  elongated  as  well  as  widened ;  antl  especially  in  those 
having  a  disjtinctly  curvilinear  or  serpentine  course,  an  elongation  and 
consequent  increast;  of  curvature  is  observable  at  each  pulsation.  This 
may  be  seen  in  emaciated  p<'rsons,  in  the  temporal 

■  artery,  or  in  the  radial  at  the  wrist,  and  is  very 
marked  in  the  mesenteric  arteries  in  the  abdomen  of 
a  quadruped,  A  supfrficial  artery,  running  over  a 
iK.my  surface,  may  be  piartially  h'ftcd  out  of  its  bed 
fh>m  this  cause,  at  each  pulsation.  In  olii  persons 
th©  arterial  curvatures  liecome  permanently  cnlargril 
from  frequent  distension;  and  all  the  smaller  arteries 
l«»nd  to  assume,  with  the  advance  of  age,  a  more  ser- 
pentine course. 

Characters  of  the  Arterial  Pulse. — The  shock  of 
an  arterial  pulsation,  as  perceived  by  the  finger, 
varies  a  little  in  time,  according  to  its  distance  from 
the  centre  of  the  circulation.  If  one  finger  l>e  placed 
Hpoa  the  chest  over  the  heart's  ap«'X,  and  another 
fiver  the  carotid  artery  at  the  middle  of  the  neck, 
little  or  no  difference  in  time  is  perceptible  \)e- 
tween  the  two  impulses  ;  the  distension  of  the  caro- 
tid being  sensibly  simultaneous  with  the  heart'tj  contraction.  But  if 
the  aecond  finger  be  placed  on  the  temporal  artery,  its  impulse  is  felt 
U>  be  a  little  later  than  that  of  the  h?art.  The  pulse  of  the  radial 
artery  at  the  wrist  is  also  Inter  than  that  of  the  carotid,  and  that  of  the 
posterior  tibial  at  the  ankle  later  than  thai  of  th<'  radial.  The  greater 
the  distance  from  the  heart,  the  later  is  the  pulsation  of  the  artery. 
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But  this  difference  in  time  of  the  ftrterial  pulsations,  in  difleKctti 
parts  of  the  body,  is  nither  relative  than  absolute.     The  cardiac  im* 
pulse  is  communicated  at  the  same  instant  to  every  part  of  the  nrtprlnlj 
Bystcm,  and  the  distension  begins  in  all  the  arteries  simullnneoasly^ 
but  it  reaches  its  completion  more  rapidly  in  the  nclghborhi'  ' 
heart,  more  slowly  ut  a  distance.     The  arterial  puUr.  as  per 
the  fijiger,  marks  the  condition  of  viaximum  iltslenKion :  uiil  ihi*  cui 
ditioji  occurs  at  a  later  period,  according  to  the  diblr*""-  -f  "■••  • 
from  the  heart. 

The  contraction  of  tho  loft  ventricle  is  a  brisk  and  biniiUu  moliui 
The  blood  driven  into  the  arterial  system,  meeting^  with  a  ctiiiii 
resistance  from  that  already  in  the  vessels,  does  not  instantly  diAple 
a  quantity  equal  to  its  own,  but  a  part  of  its  force  i«  expended 
stretching  the  vascidar  walls.  The  expansion  of  the  nearer  arteri 
is  therefore  sudden  and  momentary,  like  the  contraction  of  the  heai 
But  it  still  requires  a  certain  expenditure  of  lime  ;  so  that,  a  little  di« 
tance  farther  on,  the  vessel  is  not  distended  with  the  same  rapidity, 
and  the  artiTial  dilatation  arrives  more  slowly  at  its  maximum. 

On  the  other  hand,  at  the  moment  of  cardiac  relaxation,  the  dast^ 
reaction  of  the   larger  arteries  propels  a  portion  of  blood  into  tl 
smaller  vessels  beyond,  and  thus  partially  maintains  their  disteusioi 
In  the  larger  arteries,  accordingly,  there  is  a  noticeable  differonee 
size  between  the  periods  of  their  exjtansion  and  collapse;  since  the^ 
are  fully  distended  by  the  ventrieulur  systole,  and  afterward  emptic 
in  great  measure,  by  their  own  reaction.     But  in  the  smaller  arterial 
branches,  this  difierence  is  not  so  marked.     They  are  less  fully  di 
tended  at  the  time  of  the  cardiac  iuipnl-«',  l)ecause  this  force  is  parti 
expended  on  the  large  vessels ;  and  their  subsequent  reaction  is  lea 
complete,  because  they  are  then  .subjected  to  the  elastic  pressure  froi 
the  arterial  trunks.     This  produces  a  gradviul  modification  of  the  ai 
rial  pulse,  from  the  heart  toward  the  periphery. 

The  mechanism  of  this  change  is  illustrated  in  the  experimenta 
Marey,*  by  means  of  an  elastic  tube  attached  to  a  forcing  pump,  ai 
open  at  its  farther  extremity.     At  different  points  on  the  tul>e  ore  smi 
levers,  which  are  lifted  by  its  distension  when  water  is  driven  into 
from  the  forcing  pump.     Each  lover  carries  at  its  extremity  a  smi 
peucD,  which  marks  upon  a  strip  of  paper,  moving  with  uniform  rapi 
ity,  the  curves  of  its  elevation  and  depression.     By  these  curves  lK>t 
the  extent  and  rapidity  of  the  distension  of  difTeront  part*  of  the  tube* 
may  be  registered,  as  shown  in  Fig.     7. 

Prom  this  it  appears  that  the  distension  produced  by  the  stroke 
the  forcing  pump  begins  ot  the  same  moment  throughout  the  tube,  ai 
that  the  pulsation  is  everywhere  of  e<puil  l<'rigth.     But  near  the  coi 
mencoment  of  the  tube,  its  exi»ai)sion  is  wide  and  sudden,  lasting  fo 
only  one-sixth  part  of  the  entire  pulsation,  while  the  remaining  fivf 
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tame  of  expansiou  becomes  longer  and  that  uf  collapse  shorter ;  uotij 
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Tram  it     &.  Still  farther  ronoved. 

finally,  at  a  certain  distance,  the  amount  of  expansion  is  reduced  ono- 
h&If,  and  the  two  periods  are  equalized  in  duration. 

Beffiiff ration  of  Piihe  by  the  Spht/gmograph. — The  frequency  and 
character  of  the  arkrial  pulse  may  be  permanently  recorded  by  the 
U8e  of  an  instrument  similar  in  principle  to  the  cardiograph,  but  adapted 
for  application  to  an  artery.  This  instrument,  of  which  there  are  vari- 
ous modifications,  is  the  gj)hjjgmograph.  It  consists  essentially  of  a 
small  ivory  or  metallic  plate,  gently  pressed  upon  the  artery  by 
meanB  of  a  fine  spring,  so  as  to  rise  and  fall  with  the  expansion 
and  coDapsc  of  the  arterial  tube.  The  plate  communicates  its  motion, 
throuirh  a  vertical  metallic  rod,  to  a  repisterinj?  lever  above.  The 
oscillating  extremity  of  the  lever,  when  the  instrument  ie  in  opcra^ 
tion,  thus  indicates  the  movements  of  the  artery,  and  marks  upon 
a  strip  of  paper  the  frequency  and  form  of  its  pulsations. 

The  advantage  of  such  an  in.strument  is,  first,  thut  the  length  of  the 
lever  magnifies  to  the  eye  the  extent  of  the  arterial  oscillations,  and 
thus  enables  ua  to  perceive  movements  too  delicate  to  be  distinguished 
by  the  touch ;  and,  secondly,  that,  each  part  of  a  pulsation  being  per- 
manently registered,  the  most  momentary  changes  may  be  aftcrw  ard 
stndied  at  leisure  and  compared  with  each  other. 

By  this  means  it  has  been  shown,  that,  while  there  is  a  general 
resembhince  in  the  form  of  pulsation  of  different  arteries,  nearly  every 
veasel  to  which  the  instrument  can  be  applied  presents  peculiarities 
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Track  or  thii  Radial  Pctj^r,  Ukea  by  th«  HphyjfmogTtph. 

deiK-adent  on  its  size,  po.sition,  and  distance  from  thf  heart.  In  the 
radial  artery  at  the  wrist,  each  pulsation  consists  of  a  sudden  expan- 
sion of  the  vessel,  indicated  by  a  rapid  upward  movement  of  the  lever, 
making,  in  the  trace,  a  straight,  nearly  vertical   line.     This   is   fol* 
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lowed  by  a  gradual  descent  corresponding  with  the  collapse  of  llu- 
artery,  until  it  reticbes  the  lowest  point  of  the  trace,  when  the  aecend- 
ing  movement  a^ain  takes  place,  and  so  on  alternately.  The  line  of 
descent  is  marked  by  one,  two,  or  three  slight  uudulations,  indicutiai; 
a  corresponding  variation  in  the  tension  of  the  artery  during  its 
lapse. 

These  undulations  in  the  line  of  descent,  In  Ihe  spbygmograpfa 
tracing,  are  due  to  an  oscillation  in  the  mass  of  the  blood,  »\i\m 
quent  to  the  impulse  of  the  lu'ort,  and  during  the  reaction  of  the  art 
rial  system.     Marey*  has  rihowii  that  nirailar  oseillations  are  produc 
when  any  incompressible  liquid  is  driven  by  a  sudden   impulse  iuto^ 
an  elastic  tube;  and  that  they  may  V)e  indicated  by  a  similar  movement 
of  the  index  of  a  sphygmogrnph.     When  the  heart's^  impulse  ii>  nioder^ 
ate,  and  the  tension  of  the  arterial  system  fully  developed,  the  undul 
tions  in  the  descending  Hue  of  the  pulse  are  not  very  perceptible^ 
but  when  the  heart's  impulse  is  more  rapid,  and  the  arterial  tensiol 
dtrointBhod,  the  undulations  become  more  marked.     Traces  of  differt'i 
form,  in  this  respect,  luay  be  produced  in  the  same  individual  by  arti- 
6cial  variations  in  the  temperature  of  the  body.     The  following  art, 
three  traces  of  the  radial  pulse  obtained  in  his  own  person  by  Mare} 
by  increasing  the  quantity  of  clothing  at  intervals  of  twenty  minutesi^ 
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Variations  OF  xiifi  Kapial  I'lu-ih,  iiiuIi.t  iln  mtl<n.-iici;  >.>(  ix^rroant^J  teiup«raiiLrc    (.Marejr.j 

Dicrotic  Piilae. — In  certain  conditions,  accompanied  by  rapid  pul 
tion  of  the  heart  with  diminished  arterial  tension,  the  secondary  osci 
latiod  of  the  artery  tjcconies  so  marked,  in  proportion  to  the  origini 
impulse,  that  it  is  perceived  by  the  finger,  and  thus  the  pulse  is  aj 
parentty  doubled;  that  is,  there  are  two  pulsations  of  the  artei 
for  each  contraction  of  the  heart,  namely,  one  due  to  the  origi 


*  Physiologic  M^^dicale  de  la  Circulation  da  Sang.     Paris,  1863,  p.  SQS^i 
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u  rTiT^r,  sod  another  caused  by  the  oscillation  of  blood  in  the  feebly 
rd  artery.     This  is  the  dicrotic  pulse,  often  present  in  diseasirs 
ot  o  typhoid  character. 

Fir..  72. 
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It  ia  evident  that  the  dicrotic  character  of  the  pulse  ia  not  altogether 
peculiar  to  diseased  conditions,  since  it  exists  in  some  degree,  as  shown 
by  the  preceding  figures,  even  in  health.  But  it  i.s  usually  too  slight 
to  be  jKTceptible  by  the  linger  unless  exaggerated  firom  morbid  causes. 

The  mechanism  of  the  dicrotic  pulse  has  been  demonstrated  by 
Ko&chlakoff.*  If  a  liquid  be  driven  by  a  sudden  impulse  through 
au  eltu^itic  tube,  connected  with  two  separate  pres.'^ure  gauges,  one 
near  the  point  of  entrance  of  the  lie^uid,  the  other  near  its  exit, 
the  liquid  will  rii*e  lu  the  fir5?t  gauge  before  the  increased  pressure 
reaches  the  second;  it  then  falls  white  the  second  is  ri.sing,  and  again 
rises  whilo  the  second  falls;  showing  an  alternate  inereiise  and 
diminution  of  pressure  in  the  two  extremities  of  the  tuW.  This 
alternation  continues  until  the  pressure  ii^i  equalized,  or  until  the  tubi^ 
lA  again  distended  by  a  new  impulse. 

Pulmtintj  Flow  of  Blwd  in  the  Arteries. — Owing  to  the  alternate 
ootitraction  and  relaxation  of  the  heart,  the  blood  moves  through  the 
arterial  system  in  a  series  of  impulses ;  and  in  himorrhage  from  a 
wounded  artery  the  blood  flows  in  successive  jets,  a.s  well  as  more 
rapidly  than  if  it  came  from  veins  or  capillaries.  If  a  elenthr  eanula 
be  introduced  through  the  walls  of  the  left  ventricle,  in  the  exposed 
httart  of  a  living  animal,  the  flow  of  blood  from  its  orilice  is  inter- 
mittent. A  strong  jet  takes  place  at  each  ventricular  contraction,  and 
is  interrupted  at  the  time  of  relaxation.  But  if  the  punclur*'  be  made 
ID  n  large  artery  near  the  hoart.  the  Itlood  is  disrhftrtred  from  it  iu  a 
continuous  stream ;  only  its  flow  is  abundant  at  the  time  of  ventricular 
contraction,  and  more  scanty  at  the  time  of  relaxation.  The  disten- 
sion and  elasticity  of  the  arterial  walls  niiMlify  I  he  cITi'Cts  of  the  separate 
arterial  pukatious,  and  purtially  fuse  thi-m  with  each  other;  produc- 
ing, in  the  larger  and  medium-sized  arteries,  a  movement  of  the  blood 


*  In  Lonia,  Etuden  de  M^decine  Clinique.    Pari^  1870.  p.  75. 
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which  increases  at  each  cardiac  impul^ie,  and  dinnnishc^  during 

tion. 

Equalization  of  the  Blood-current  in  the  Arterial  System. — Since 
the  distensible  and  elastic  properties  of  the  arleriivl  wall«  make  tho  flow 
of  blood   more   continuous   than    it  wouJd   otherwise   be,   this    effect 
increases  as  the  Ulood   moves  through  tho  arterial  system.     A  |>hi 
of  the  force  of  each   pu!^lation   is   absorbed,  for   the   time   being,  ii 
the  distension  of  the  artery,  and  is  ag^ain  returned  in  an  impulse 
tho  blood  at  the  foHowirijLr  interval,  by  the  reaction  of  the  vessel.     Thd 
farther  from   the   hearl    the  blond   recedes,  the  p-reater   becomes   tl 
influence  of  the  intervening:  arteries ;  and  thu>  the  remittent  or  ptdsatiM| 
character  of  the  arterial  current,  which  is  stronjfly  pronounced  in  tl 
vicinity  of  the  heart,  becomes  gradually  diminished  during  its  passa; 
through   the  vessels,  until  in   the  smaller  arteries  it  is   hardly 
CPptible. 

The  influence  of  an  elastic  medium,  in  equalizing  the  flow  of  an  ii 
terrupted  current,  may  be  shown  by  injecting  water  from  a  force-pum] 
alternately  through  two  tubes,  one  of  India-rubber,  the  other  of  metal 
Whatever  be  the  length  of  the  metallic  tul>e,  the  water  will  be 
delivered  from  its  extremity  in  distinct  jets,  corresponding  with  the 
strokes  of  the  piston :  but  when  it  is  replaced  by  an  elastic  tube  of 
sufficient  length,  the  si'pnrate  impulses  are  merged  into  each  other^^H 
and  th<?  water  is  disehargcd  in  a  continuous  stream.  ^| 

The  elasticity  of  the  arteries  never  completely  neutralizes  the  effect 
of  the  cardiac  contractions,  since  a  pulsation  can  be  seen  in  the  flow 
of  blood  in  even  the  smallest  arti/ries,  when  examined  under  the  mi- 
croscope ;  but  it  diminishes  im  degree  from  the  heart  outward,  and 
the  current  becomes  nearly  continuous  at  thi-  confines  of  the  ra]u'II:ii 
system. 

The  Arterial  Prei^»ure. — The  arterial  circulatton,  as  shown   by  ti 
above  facts,  is  the  combined  result  of  two  different  forces  ;  namely,  tl 
contraction  of  the  heart,  by  which  the  blood  is  propelled  in  successii 
impulses,  and  the  elasticity  of  the  arteries,  by  which  it  is  subjected 
a  continuous  pressure. 

If  one  of  the  larger  or  medium-sized  arteries  be  divided,  in  the  lirii 
animal,  and  a  glass  tube  of  the  same  diameter  fixed  in  its  orifi( 
in  the  vertical  position,  the  blood  will  rise  in  the  tube  to  a  height 
of  five  and  a  half  or  si.x  feet,  and,  until  coagulation  occurs,  will  contiuue 
to  oscillate  about  this  level.  The  column  of  fluid  thus  supported  in- 
dicates th<*  pressure  to  which  the  blood  is  sutijeetod  within  the  vessels. 
This  force,  due  to  the  reaction  of  the  arterial  system,  is  known  as  the 
arterial  pressure. 

The  arterial  pressure  is  best  measured  by  connecting  an  open  arteryn^H 
by  means  of  a  fle.\il)le  tube,  with  a  small  res<<rvoir  of  mercury,  provided^B 
with  a  narrow  upright  graduated  tube,  oiMJn  at  its  upper  extremity. 
When  the  mercury  in  the  reservoir  is  exposed  to  the  pressure  of  th* 
blood,  it  rises  in  the  upright  tube  to  a  corresponding  level. 
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The  sverag-e  firtcrial  pressure,  in  the  dog  and  other  animals  of  sioiilar 
[elze,  is  equivalent  to  a.  column  of  mercury  150  mitlimetres  in  height. 
[But  while,  in  such  an  instrument,  connt'ctod  with  the  artoria!  system, 
[the  mercurial  column  indicates  on  the  whole  an  average  pressure,  it 
exhibit's  two  series  of  oscillations ;  showing  a  fluctuation  in  the 
je  of  pressure,  owing  to  two  different  causes. 
le  of  thoge  oscillation^!  is  tsynchronous  with  renpirafion.  At  every 
i^piration,  the  level  of  the  mercury  falls  somewhat,  with  every  expiru- 
ttion  it  rises.  As  the  movement  of  int^piration  consists  in  an  expansion 
upf  the  chest  cavity,  its  effect  is  to  diminish  the  pressure  on  the  heart 
kd  great  blood-vessels,  and  consequent!}'  to  lower  in  a  similar  degree 
le  tension  of  the  whole  arterial  system.  In  expiration,  on  the  other 
ind,  the  thoracic  walls  return  to  their  former  position,  and  the  pressure 
^on  the  organs  within  the  chest  is  reestablished.  These  changes  are 
jdicated  by  corresponding  variations  in  the  height  of  the  mercurial 
)IumD.  The  oscillations  duo  to  thi.--  cause,  however,  are  not  uniform, 
>ut  vary  according  to  the  condition  of  the  respiratory  movements. 
Vhen  respiration  is  active  and  labored,  they  may  reach  the  extent 
|of  30  millimetres;  when  it  is  quiet,  as  in  an  animal  deeply  etherized, 
?j  may  l»e  nearly  imperceptible. 

The  remaining  oscillation  is  more  uniform,  and  is  due  to  the  cardiac 
jnilsations.     It  consists  of  comparatively  rapid  undulations  of  the  mer- 
curial column,   simultaneous  with  the   movements  of  the  heart.     At 
every  ventricular  contraction  the  mercury  rises  12  or  15  millimetres, 
ftod  at  every  relaxation   falls  to  its  previous  level.     The  iihstrument 
thus  indicates  the  intermitting  pressure  of  the  heart's  action  ;  and  has 
ftceordingly  received  thr  namp  of  the  cardiomefer.     As  the  average 
height  of  the  column  in  the  cardiometer  is  liiO  millimetres,  and  as  it 
viries  by  15  millimetres  under  the  influence  of  the  cardiac  pulsations, 
itap]>ears  that  each  contraction  of  the  heart  is  superior  in  force  to  the 
nsistance  of  the  arteries  by  about  one-tenth  ;  and  the  arterial  system 
ifi,  thiTcfore,  kept  full,  and  the  arterial  tension   maintained,  notwith- 
standing the  constant  discharge  of  blood  into  the  capillaries. 

Rapiditif  of  the  Arterial  Current. — The  blood  moves  in  the  arteries 
more  rapidly  than  in  any  other  part  of  the  vascular  system.  Its  exact 
rale  varies  according  to  the  situation  of  the  vessel  and  the  period  of  the 
piilsalion;  being  greatest  in  the  immediate  neighborhotnl  of  the  heart, 
Will  diminishing  from  this  point  outward.  The  division  of  the  arterial 
trunks  into  branches  and  runiifieations  increases  their  surface  of  con- 
twit  wnth  the  blood;  and  the  increased  adhesion  produced  by  this  eon- 
Iftci  retards  the  current,  which  is  accordingly  slower  in  the  small 
•rteries  than  in  those  of  large  or  niediunv  size.  In  the  smallest  arteries, 
M  seen  under  the  microscope  in  the  traui^parent  tissues,  the  partial 
tdhesion  of  the  blood  to  the  vascular  wall,  and  the  greater  rapidity 
*f  ite  flow  in  the  axis  of  the  vessel  are  readil}'  perceptible.  The  con- 
»i8t«ncy  of  the  circulating  fluid,  however,  and  the  smoothness  of  the 
inttrno]  surface  of  the  arteries,  are  such  that  this  obstacle  to  the  move- 
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ment  of  the  blood  has  only  a  partial  retarding  influence ;  and  even  ia 
the  smallest  arteries  it.-*  flow  is  so  rapid  that  the  separate  blood-plobuki. 
cannot  be  distinguished,  but  only  a  luinpled  current  shooline  fi»ru  ini 
with  increase<l  velocity  at  each  pulsation. 

The  averaire  rapidity  ot  thp  blood  stream  in  the  larpor  artt ncr,  i:i 
dogs,  horses,  and  calvc!*,  was  determined  by  Volkmann,  a^  .'Ju  rcuii- 
mctres  per  pecond.  The  most  exact  experiments  on  this  point  are  Ihosj' 
of  Chauveau,*  who  introduced  into  the  carotid  artery  of  the  horae  a 
thin  brass  tube,  about  Hve  centimetre^*  long'  and  ei^ht  or  nine  niilliiui- 
trcH  in  diameter.  The  tube  was  introduced  through  a  longitudinal 
iuciiiiou  in  the  walls  of  the  vets*tel,  and  secured  by  a  li/?ature  near  each 
extremity ;  so  that  the  arterial  current  might  pass,  without  serious  ob- 
struction, through  the  tube  forming,  for  the  time,  a  part  of  the  ari'  r:  ! 
walls.  In  the  Hide  of  ihi-  tul>e  wa.<  a  small  opening,  three  milliiin  ■ 
long  by  one  and  a  half  millimetre  wide,  clo.'<ed  by  an  elastic  membrane, 
so  secured  as  to  prevent  the  e.scape  of  blood.  Through  the  centre  of 
the  membrane  was  passed  a  light  metallic  needle,  the  inner  extremity 
of  which,  somewhat  flattened  in  shape,  received  the  impulse  of  tbf 
blood ;  while  the  outer  portion,  prolonged  into  a  slender  index,  marked 
upon  a  semicircular  scale  the  oscillations  of  the  inner  extremity,  and 
conseqnenily  the  varying  rapidity  of  the  arterial  current.  The  actual 
velocity,  indicated  by  any  given  o.scillation  of  the  needle,  wax  ascer- 
tained iK'forehand  by  attaching  the  apparatus  to  au  elastic  tul^e  and 
passing  through  it  a  stream  of  warm  water  of  known  rapidity. 

The  details  of  the  circulatory  movement,  as  indicated  by  these  exper- 
iment.1,  differ  somewhat  in  the  larger  and  the  smaller  arteries. 

a.  In  the  carotid  artery,  at  the  instant  of  ventricular  systole,  tl 
blood  is  suddenly  put  in  motion  with  a  high  velocity,  amounting 
the  average  to  a  little  over  50  centimetres  per  second. 

At  the  termination  of  the  sy.stole,  and  immediately  before  the  cloeu 
of  the  aortic  valves,  the  movement  of  the  blood  decreases  considerably, 
ond  may  even,  for  the  time,  be  completely  arrested. 

At  the  instant  of  closure  of  the  valves,  the  circulation  receives  a 
new  impulse,  and  the  blood  again  moves  forward  with  a  velocity  ol 
rather  more  than  30  centimetres  per  st'coud. 

Afterward,  the  rapidity  of  the  current  gradually  diminishes  duri 
the  heart's  inaction,  until,  at  the  end  of  this  period  and  just  befo 
a  new  systole,  it  is  reduced,  on  the  average,  to  Ift  centimetres 
second. 

b.  in  the  smaller  arteries,  such  as  the  facial,  the  movement  of  t 
blood  is  more  uniform  At  the  moment  of  the  heart's  systole  it  ia  ]en 
rapid  than  in  the  carotid;  and  on  the  other  bund,  it  has  a  great 
velocity  during  the  period  of  ventricular  repose.  The  secondary  i 
pulse,  following  the  closure  of  the  aortic  vnlves,  is  less  perceptib 
than  in  the  larger  arteries,  and  may  even  be  altogether  absent. 
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.    The  Venous  Circulation. 

The  veins,  tike  the  arteries,  are  rn.m{)f)sed  f)f  three  coats — ao  inner, 
midfllc.  and  exterior ;  but  they  contain  a  smaller  quantity  of  muscular 
and  elastic  fibres,  and  a  larger  pro()artion  of  condensed  connective 
tissue.  They  are  eonsequently  more  flaccid  and  compressible  than 
the  arteries,  and  less  elastic  and  contractile.  They  are  fiirtherniore 
distinguished,  in  the  limbs,  neck,  and  external  parts  of  the  head  uud 
trunk,  by  beinp  provided  vnth  valves,  in  the  form  of  festoons,  so  placed 
that  thf*y  allow  the  blood  to  pnss  from  the  periphery  toward  the  heart, 
but  prevent  its  reflux  in  the  opposite  direction. 

Thouerh  the  walls  of  the  veins  are  thinner  and  less  elastic  than  those 
of  the  arti-ries,  yet  their  capacity  for  resistance  to  pressure  is  equal,  or 
even  superior.  Milne  Edwards*  haa  collected  the  results  of  various 
experiments;,  which  show  that  tlie  veins  will  sometimes  bear  a  pressure 
sufficient  to  rupture  the  arteries.  In  one  instance  the  jug-ular  vein 
supported  a  pressure  equal  to  a  column  of  water  148  feet  in  height; 
and  in  another,  the  iliac  vein  of  a  sheep  resisted  a  pressure  of  more 
than  four  atmospheres.  The  portal  vein  resisted  a  pressure  of  six 
atmospheres;  and  in  one  cane,  in  which  the  aorta  of  a  sheep  was  rup- 
tured by  a  pressure  of  72  kilofrrammes,  the  vena  cava  of  the  same 
animal  supported  a  pressure  of  80  kilo;rrammes. 

This  property  of  the  veins  is  due  to  the  white  fibrous  tissue  in  their 
composition ;  the  same  tissue  which  forms  nearly  the  whole  of  the 
tendona  and  fascie,  and  which  ia  distinguished  by  its  density  and 
unyielding  nature. 

The  elaslicifi/  of  the  veins,  on  the  other  hand,  is  much  lt^ss  than  that 
of  the  arteries,  and  there  is  consequently  but  little  variation  in  their 
calibre.  When  filled  with  blood,  they  swell  to  a  certain  size;  when 
empty,  their  sides  collapse,  and  r«.iijain  in  contact  with  each  other. 

Another  peculiarity  of  the  venous  system  consists  in  its  numerous 
oommtinicaiin^  rhannelis. 

In  injected  preparations,  two,  three,  or  more  veins  are  oft«n  seen 
coming  from  the  same  region,  with  frequent  transverse  communica- 
tions. The  deep  veins  accon^panying  the  ninin  arteries  of  the  limbs 
inosculate  freely  with  each  other,  and  also  with  the  superiicial  veins. 
Among  those  coming  from  the  head,  the  external  jugulars  communi- 
cate with  the  thyroid,  the  anterior  jugular,  and  the  brachial  veins.  The 
external  and  internal  jugulars  communicate  with  each  other,  and  the 
two  thyroid  veins  form  an  abundant  plexus  in  front  of  the  trachea. 

Thus  the  blood,  eonnng  from  the  periphery  toward  the  heart,  flows 
in  a  number  of  communicating  channels;  through  which  it  passes, 
under  different  conditions  of  pressure,  by  a  variety  of  routes,  but 
always  in  the  same  direction. 

Movement  of  the  Blood  through  the  Venoua  System. — The  flow  of 
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blood  through  the  veins  is  less  powerful  and  regular  than  that  through 
the  arteries.     It  depends  on  the  action  of  three  different  forces. 

I.  The  nioBt  important  of  these  forces  is  the  pressure  from  the  capil- 
lary circulation^     The  blood  moves  from  the  arteries  into  and  through 
the  capillary  vessels,  uudir  an  impulse  derived  originally  from  the  heart, 
and  afterward  replaced  l>y  the  comparatively  uniform  arterial  pressure. 
This  pressure  is  not  entirely  exhausted  in  the  capillaries;  and  the  blood 
accordingly  cniirgeM  from  ihe^e  vessels  and  enters  the  venous  ayslei 
with  a  force  sufficient  to  fill  its  rootlets,  and  to  pass  thence  into  its  lar) 
branches  and  trunks.    As  the  veins  converge  from  the  periphery  towai 
the  centre,  and  unite  into  trunkf>  of  larger  calibre,  their  extent  of  conta( 
with  the  circulating  fluid,  and  their  resistance  to  its  movement,  coustanti 
diminishes ;   while  the  contractions  of  the  right  ventricle  relieve  the' 
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returning  current  from  the  obstacle  of  its  accumulation.  The  contin- 
uouB  pressure  of  the  blood  from  the  capillaries  thus  supplies  an 
effective  cause  for  its  movement  through  the  veins. 

II.  The  flow  of  blood  through  the  veins  is  aided  in  great  measure  by 
the  contraction  of  the  vohaiiary  mu»rleM.  The  voins  in  the  limbs,  and 
in  the  parietea  of  the  head  and  trunk,  He  among  vohintary  muscles  which 
are  often  in  a  state  of  alternate  contraction  and  relaxation.  At  each 
contraction  the  muscles  become  swollen  laterally,  thus  compressing  the 
veins  between  them.  As  the  blood,  expelled  by  this  pressure,  cannot 
regurgitate  toward  the  capilkries,  owing  to  the  closure  of  the  venous 
valves,  it  is  forced  onward  toward  the  heart ;  and  when  the  muscle 
relaxes  and  the  vein  is  liberated  from  pressure,  it  is  again  filled  from 
behind,  aud  the  circulation  goes  on  as  before. 

The  muscular  system  acts  in  this  way  by  communicating  to  the  venous 
current  indirect  impulses  of  frequent  repetition,  which,  combined  with 
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ibc  action  of  the  valves,  urpe  the  blood  from  the  periphery  toward  the 
heart. 

III.  A  third  OAuse,  contribating  to  the  movement  of  the  venous 
blood,  is?  the  ffjt'ce  of  aftpiration  ex'Tled  by  the  thorax.  Tlie  expan- 
sion of  the  chest  in  inspiration  diminishes  the  pressure  upon  itsi  con- 
tenta,  and  consequently  tends  to  draw  into  the  thorax  any  flttids  which 
can  jrain  access  to  it.  The  expanded  eavily  is  iirineipnlly  filled  by  the 
entrance  of  atmospheric  air  throujrh  the  trucheii  and  bronchi.  But  the 
blood  in  the  nei^rhboring  veins  is  solicited  at  the  same  time  in  a  simi- 
lar direction.  The  influence  of  this  force  extends  indirectly  through- 
out the  venous  system,  each  expan;*ioa  of  the  chest  diminisliin«r  tin* 
rci^istance  at  the  centre  of  the  circulation,  and  thus  causing  an  in- 
creased (low  toward  the  Intra-thoracic  veins,  while  the  remainder  are 
filled  from  behind  as  they  are  emptied  in  front. 

f  '  '  "  'he  Venous  Current. — With  regard  to  ilie  rapidity  of 
tht  rent,  no  results  have  been  obtained  by  direct  experi- 

ment. Owiniif  to  the  flat-cidity  of  the  veinc",  and  the  readiness  with 
whirh  the  How  of  iijnod  through  them  is  <listurlx'd,  it  i.*<  not  possible 
tu  deterraino  this  point,  in  the  same  manner  as  for  the  arteriosi.  But 
a  calculation  lian  been  made,  based  on  the  comparative  capacity  of  the 
art47rial  and  venoui?  systeni!?.  As  tl»o  blood  which  passes  outward 
through  the  arteries  returns  throujrh  the  veins,  the  rapidity  of  itis 
flow  in  «ach  direction  must  be  in  inverfse  ratio  to  the  capacity  of  the 
vessels.  Tho  entire  venous  system,  when  distende*!  V»y  injection,  con- 
tains about  twice  as  much  fluid  as  the  arteries.  During'  life,  however, 
the  r©noa$  system  is  at  no  time  so  oonipJctvly  filled  with  l>)ood  as  the 
arteritis;  and,  allowing  for  this  diffennce,  it  may  Im?  estimated  that 
the  entlrt-  quantity  of  venous  bluud  is  to  the  entire  quantity  of  arterial 
blood  nearly  as  three  to  two.  The  velocity  of  the  blood  in  the  veins, 
as  compared  with  that  in  the  arteries,  is  therefore  as  two  to  tbree ;  and 
if  we  regard  the  average  rapidity  of  the  arterial  current,  according  to 
Volkmann's  experiments,  as  3I>  centimetres  per  second,  this  would  give 
the  movement  of  blood  in  the  veins  as  about  20  centimetres  per  second. 
This  estimate,  however,  is  only  approximative ;  since  the  venous  circu- 
lation varies,  according  to  many  circumstances,  in  different  parts  of  the 
body.  It  may  nev<Tthelcss  be  considered  as  expressing  with  suflicient 
accuracy  the  general  relative  velocity  of  the  arterial  and  venous  currents 
in  corresponding  parts  of  their  course. 

The  Capillary  Circulation. 

The  eajiillary  blood-vessels  are  minute  inosculating  tubes,  which  j>er- 
mcate  the  vascular  organs,  and  bring  the  blood  into  close  proximity 
^th  their  tissues.  They  are  continuous,  on  the  one  hand,  with  the 
terminal  ramifications  of  the  arteries,  and,  on  the  other,  witlii  the  eom- 
ineneing  rootlets  of  the  veins.  They  vary  somewhat  in  size  in  dtfter- 
enl  ti8.sues,  their  average  dintiieter  in  man  being  about  10  mmni.,  or 
yfj  of  a  millimetre.     According  to  Kolliker,  the  largest  capillaries  are 
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in  the  glands  and  the  osseous  tissue,  where  they  reach  the  diameter 
of  15  nimm. ;  while  the  smallest,  in  the  muscles,  the  nerves,  and  the 
retina,  are  4.5  nmini.,  thxit  is,  almost  exactly  the  size  of  the  smallest  of 
the  red  globules  of  the  V)lood. 

As  the  arterial   ramifications  approach  the  capillary  system,  they ' 
diminish  in  size,  and  lose  their   external   coat  of  connective  tiasoe. 
Their  middle  coat  is,  at  the  satiu*  tinn',  reduced  to  a  Ring'le  layer  of 
fusiform  muscular  fibres,  wiiich  become  gradually  less  numerous,  andj 
at  last  disappear  altogether.     The  vascular  cana!  is  thus  finally  com*] 
posed  only  of  a  single  tunic  continuous  with  the  internal  c^oAt  of  tl 
arterial  ramifications. 

The  capillary  blood-vessel,  in  its  recent  condition,  when  extractedj 
from  any  soft  vascular  tissue,  ap]»ears  to  consist  of  a  simple,  nearly^ 
homogeneous  tubular  membrane,  with  flattened  oval  nuclei  placed 
abort  distances  from  each  other,  and  projecting  slightly  into  its  cavity,] 
Pi^^  ,y^  But  if  the  vessel  be  treated  with 

weak  solution  of  silver  nitrate,  it 
inner  surface  becomes  marked  off  int 
regular  spaces,  each  of  which  include 
a  nucleus;  indicating  that  its  appar- 
ently homogeneous  tunic  is  conu, 
jtosed  of  flattened  epithelium-lil 
cells,  united  with  each  other  at  thei 
adjacent  edges  by  an  intervenii 
cement.  It  is  this  intervening  sub- 
stance which  becomes  darkened  by 
silver  riitrale,  bringing  into  view  the 
outlines  of  the  epithelium  cells  of 
the  vascular  wall. 
The  form  of  the  cells  varies  in  dij 

s-Mx  ARTK«v-ith,umn^uUrtuoic(«).  f"^''''^"^  •"^'^''""'^  ""**  »"  Capillaries  o( 
breaUiDK  up  into  taijiiiaries,  Knitii  the  different  Calibre.  Accordiug  to  Kol 
p^"*^^  liker,  in  the  smaller  capillary  blooii 

vessels,  from  4.5  to  7  nimm,  in  diameter,  they  are  narrow,  elongate! 
ami  fusiform,  as  in  Fig.  77  ;  often  curled  from  side  to  side,  so  as 
form  enrh  a  half  cylindf^r.  two  of  them  joining  at  their  edges  to  coi 
plete    the  capillary  tube,  and  intercalated  at  tht'ir  ends  between  tJ 
adjacent  ec^lls.     In  the  larger  capillaries,  from  ^  to  15  mmm.  in  dia 
eter,  the  cells  are   shorter  and  wider,  like   those  of  ordinary  pavi 
ment  epithelium.    Owing  to  this  structuro  of  the  capillary  blood-vessel 
the  vascular   system,  in    the    opinifui  of  some    hi.>itologi9t9,  is    to   be 
regarded  as  a  series  of  interceltular    canals,  provided,   in  different 
regions,  with   additional    layers  of   muscular,  elastic,   or  eonuectii 
tissue. 

The  capillary  blood-vessels  are  distinguished  by  their  frequent  inc 
culatioij.     The  arteries  divide  and  subdivide,  as  they  pass  from  within 
outward,  while  the  veins  as  constantlv  unite  with  each  other,  to  form 
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larger  braocbeg  and  trnnk.s.  from  tlie  periphfiry  toward  the  centre; 
and  althoug'h  the  arti*ries  always  pr^'sent  tuot^eulation  in  certain 
rimgioDs,  and  the  veins*  more  frequently  still,  this  is,  neverthelcye,  a 
Noondary  feature  in  both  vascular  systems.  The  arteries  are  essen- 
tially diverging  tubes  to  distribute  the  blood  from  within  outward ;  the 
veins  are  converging  chanueln  to  transport  it  from  without  inward. 

The  uupillaries,  on  the  other  hand,  are  mainly  characterized  by  their 
constant  and  repeated  intercommuiiitation  ;  uniting  with  each  other  at 
Buch  short  intervals',  as  to  form  an  interlacing  network,  known  as  the 
cafillaT^f  plexus.  The  vessels  of  the  plexus  vary  somewhat  in  size, 
number,  and  arrangement  in  different  f>arts ;  but  in  every  vascular 
tissue  there  are  certiiin  spaces  or  islets,  surrounded  by  the  capillaries, 
and  into  which  they  do  not  pt«netrate.  Such  intervascular  spaces  must 
therefore  obtain  their  nourif^hment  by  exudation  and  absorption  through 
the  capillary  walls  and  the  intervening  tissue. 

Fio.  77. 


Camluuit  BijOOD-Vembl,  rrutu  the  tAll  ot  the  lodpoln ;  xhovlnip!  ilK<  outlines  of  lU  epithelium* 
like  c«IU,  mnderrcl  visibiii  by  tlic  action  of  Hilver  nitnile,    (KdUilcer.) 

The  special  arrangement  of  the  capillary  blood-vessels,  and  the  form 
and  size  of  the  meshes  of  their  network,  are,  in  general,  characteristic 
of  each  organ  and  tissue.  In  the  muscles,  the  intervascular  spaces  are 
long  parallelograms,  corre?:pondiug  with  the  muscular  fibres;  in  the 
mucous  membrane  of  the  stomach,  they  are  hexagonal  or  irregularly 
circular,  inclosing  the  oritices  of  the  gastric  follicles:  in  the  papill®. 
of  the  tongue  and  skin,  and  in  the  placental  tufts,  the  capillaries  form 
twiHted  vascular  loops ;  in  the  glomeruli  of  the  kidneys,  convoluted 
coils;  in  the  connective  tissue,  irregularly  shaped  tigures,  like  those 
included  by  the  fibrous  bundles  which  they  supply. 
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The  capillary  blood-vesseb  are  most  abundant,  and  connected  by  the 
closest  inosculations  in  organs  M'hcr<?  the  blood  serves  for  other  pur- 
poses than  local  nutrition  ;  such  as  aeration,  secretion,  or  absorpliou. 
One  of  the  finest  capillary  networks  is  that  of  the  lungrs,  in  which  the 
diameter  of  the  intervascular  spaces  is  sometimes  a  little  greater  and 
sometimes  a  little  less  than  that  of  the  capillaries  themselves.  In  the 
intralobular  plexus  of  the  liver,  they  are  only  a  little  wider  than  the 
vessels  forming  the  network.  In  the  nerves,  the  serous  membranes 
and  the  tendons,  on  the  other  hand,  the  capillaries  are  leas  closely 
interwoven ;  and  in  the  adipose  tissue  they  form  wide  tnedhes,  am- 
braciup  the  fat  vesicles. 

Mocement  of  the  Blood  in  the  Capillar ;/  Vessels — The  motion  of 
the  blood  throup'b  the  capillaries  may  be  studied,  under  the  microscope, 
in  any  transparent  tissue  of  sufficient  vascularity.  The  frog  is  the 
most  convenient  auiuml  tor  this  purpose,  ovvin^  to  the  readiness  with 
which  the  circulation  will  ^<t  on  in  the  exposed  organs  at  ordinary  tem- 
peratures. To  secure  immobility,  the  brain  and  medulla  oblongata 
should -be  broken  up  by  a  needle  introduced  through  the  cranium,  or 
the  voluntary  muscles  paralyzed  by  the  .subcutiineous  injection  of  six 
drops  of  a  filtered  watery  solution  of  woorara,  made  in  the  proportion 
of  one  part  to  five  hundred.  The  body  should  be  enveloped  in  a  loose, 
moistened  bandage,  to  prevent  desiccation.  The  tongue,  the  web  of 
the  foot,  the  pulmonary  membrane,  the  mesentery  or  the  bladder  may 
be  used  to  exhibit  the  capillary  circulation,  which,  with  the  aid  of 
appropriate  mechanical  appliances,  may  be  maintained  in  either  of  these 
regions  for  several  hours. 

When  examined  in  this  man- 
ner, the  smaller  arterial  ramifi- 
cations, the  capillary  vessels, 
tiud  the  minute  veins  are  often  \ 
visible  Iji  the  same  tissue.  The 
hloofl  can  be  seen  entering  the 
lield  by  the  arteries,  shooting 
through  them  with  groat  rapid- 
ity in  successive  impulses,  and 
flowing  off  more  slowly  by  the 
veins.  In  the  capillary  plexud 
it  moves  with  a  uniform  cur- 
rent, considerably  less  rapid 
than  in  either  the  arteries  or 
the  veins.  A  further  peculi- 
arity of  the  capillary  circula- 
tion is  that  it  has  no  definite 
origin  or  termination,  but  rep- 
resents a  movement  of  the  blood  through  all  parts  of  the  tissue.  Its 
streams  pass  Indtterently  above  and  below,  at  right  angles  to  each 
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other,  or  even  in  npposito  riireetions  ;  pcnetratinj^  everywhere  the  sub- 
stance of  the  orpan  with  a  kind  of  va.'^cular  irripration. 

The  motion  of  the  red  anil  wiiite  plohiiles  in  also  prcuUar,  and  shows 
distinctly  the  difference  in  their  physical  properties.  In  thi-  larjrer  ves- 
wls  the  red  globules  are  carried  along  in  close  column,  in  the  central 
p«rt  of  the  stream ;  while  near  the  edgea  there  is  a  transparent  -(pace 
occupied  by  clear  plasma,  in  which  no  red  globules  are  visible.  In 
the  smaller  vessels  the  globules  pass  two  by  two,  or  follow  ea<:.-h  other 
in  single  file.  Their  flexibility  and  semi-fluidity  are  very  apparent  as 
they  are  folded,  bent  or  twisted,  or  made  to  glide  through  branehes  of 
communication,  smaller  than  themselves.  The  white  globules,  on  the 
other  hand,  move  more  slowly.  They  drag  along  the  external  portions 
of  the  current,  and  are  sometimes  arrested  for  a  few  seconds,  adhi-ring 
to  the  inner  surface  of  the  vessel.  Wherever  the  current  is  obstructed 
or  retarded,  the  white  globules  accumulate  and  become  for  the  time 
more  numerous  in  proportion  to  the  red. 

It  is  during  its  passage  through  the  capillaries  that  tlw>  blood  serves 
for  the  nourishment  of  the  tissues,  and  for  ab.sorption,  secretion,  or 
elimination.  The  tenuity  of  the  vascular  walls,  their  extent  of  surface 
in  proportion  to  the  blood  which  they  contain,  and  the  multiplication 
of  the  currents  due  to  their  division  aiul  ino.'^culatjon,  all  eontribute  to 
this  result,  and  make  these  vessels  the  most  important  physiological 
division  of  the  cireulatory  system.  The  nutritious  ingredients  of  the 
blooti  transude  through  their  walls,  and  are  appropriated  by  the  tissues 
beyond.  In  the  glandular  organs  they  supply  the  substances  requisite 
for  secretion  ;  in  the  villi  of  the  intestine  they  take  up  the  elements  of 
the  digested  food;  in  the  lungs  they  absorb  o.xygen  and  exhale  carbonic 
acid;  and  in  the  kidneys  they  discharge  the  products  of  destructive 
assimilation.  coHected  from  other  parts.  The  capillary  circulation  thus 
furnishes,  directly  or  indirectly,  the  materials  for  the  §^rowth  and 
renovation  of  the  entire  Iwdy. 

Physical  Cautse  of  the  Vitjjillarif  Circulation. — ^Tho  conditions 
which  influence  the  niovetnent  of  the  bhiod  in  the  CH]>illaries  are  some- 
what different  from  those  of  the  arterial  and  vermu*;  circulations.  By 
the  successive  division  of  the  arteries  from  the  heart  outward,  the 
movement  of  pulsation  is  to  a  gre^t  extent  equalized  in  their  smaller 
hranche.a.  But  in  the  neighborhood  of  the  capillary  system,  they  sud- 
denly break  up  into  a  terminal  ramilication  of  still  smaller  vessels,  and 
Vma  themselves  at  last  in  ih<"  r-apillar)'  network.  By  this  Bnal  in- 
the  vascular  surface,  the  equalization  of  the  heart's  action  is 
completed.  There  is  no  longer  any  pulsating  character  in  the  force 
which  acts  on  the  circulating  fluid;  and  the  blood  moves  through  the 
capillary  vessels  under  a  continuous  and  uniform  pressure. 

This  pressure  is  sufficient  to  propel  the  blood  through  the  capillary 
plexus  into  the  veins.  The  fact  was  first  demonstrated  by  Sharpey, 
who  employed  an  injecting  syringe  with  a  double  noKzle,  one  of  it« 
extremities  beitig  connected  with  a  mercurial  gauge,  while  the  other 
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was  inserted  into  thr  artery  of  a  recently-killed  animal.  Whon  the 
syrinpf,  filh-d  with  defibrinatt-d  blood,  was  fixed  in  tbi:*  portion,  it 
would  press  with  ntjual  ffiroe  on  tlu'  intTCurv  in  tin'  irfiuffe  and  on  the 
fluid  in  tlK'  ^)lood-v^•^l^^els ;  and  the  licigJit  of  tlie  mercurial  column  would 
indiL'ate  the  pressure  required  to  carry  the  blood  throu/^h  the  cApillaricB, 
and  to  return  it  by  thr  corrcspondinp*  vein.  With  one  end  of  the  in- 
jectinjf  tuW  uttaehed  to  tin'  mt-scnteric  artery  of  the  do^-,  a  pn^ssure 
of  90  millimetres  of  mercury  raus^'d  the  blood  to  pnss  through  the  double 
capillary  system  of  the  inlostiue  and  the  liver;  and  under  a  pressun^ 
of  180  millimetre?,  it  flowed  in  a  full  stream  from  the  extremity  of  the 
vena  cava. 

Wf  hove  obtained  similar  results  by  experimenting  on  the  blood- 
vessels of  the  limbs.  A  full  g;rown  healthy  dog  was  killed,  and  one 
of  the  hind  Icg-s  immediately  iujer-ted  with  defibrinated  blood,  by  the 
femoral  artery,  to  prevent  cuapulatinn  in  the  small  vessels.  A  double 
syringe,  lilled  with  defibrinated  blond,  wa^;  then  attached  by  one  of  ite 
extremities  to  the  femoral  artery  and  by  the  other  to  a  cardiometer. 
On  making  the  injection,  the  dettbrinated  blood  was  returned  from  the 
femoral  vein  in  a  continuous  stream  under  a  pressure  of  120  mUlimetrea, 
and  was  very  freely  discharged  under  a  pressure  of  130  millimetres. 

Since  the  arterial  pressure  during  life  is  equal  to  150  millimetrei>  of 
mercury,  it  is  evidently  sufficient  to  account  for  the  capillary  circulation. 

The  capillaries  have  also  u  certain  degree  of  elasticity ;  and  they  are 
furthermore  >'urrounded,  in  many  urgons,  by  tissues  which  are  ihem- 
selves  elastic.  The  effect  of  this  property,  iu  the  vessels  and  neighbor- 
iug  parts,  may  be  seen  in  artificial  injectiouB,  not  only  of  a  lower  limb 
through  the  femoral  artery,  but  also  of  the  liver  through  the  portal 
vein.  If,  while  the  parts  are  distended  by  the  fluid  in  their  vessels,  th«- 
injecting  force  Ih!  suddenly  arretted,  the  current  does  not  at  once  cease, 
but  the  fluid  of  injection  continues  to  escape  for  some  seconds  from  the 
femoral  or  hepatic  vein.  The  elasticity  of  the  surrounding  tissues  sup- 
plentents  that  of  the  bhiod-ve.^sels,  and  aids  in  producing  a  uniform 
movement  in  the  caiiillary  circulation. 

Velocity  of  Blood  in  the  Capillaries. — The  rule  of  movement  in 
the  eaplllary  circulation  may  be  measured,  with  suuie  precision,  iu  the 
microscopic  exaniiniitioii  of  trnnsptircnt  tissues.  The  results  obtained 
in  this  way  by  different  observers  (Valentin,  Weber,  and  Tolknmnn), 
show  that  the  r«tc  of  movenietit  of  the  blood  tiimugh  the  capillariea 
is  rather  less  than  one  millinu'tre  per  second.  Since  the  rapidity  of 
the  current  must  be  iu  inverse  ratio  to  the  ealilvre  of  thr  vessels  through 
which  it  moves,  it  appears  ihiit  the  united  eiililire  nf  all  the  capillaries 
must  be  not  less  than  300  times  greater  than  thut  of  the  arteries.  It 
does  not  follow  from  thi.'^  that  the  whole  quantity  of  blood  contained 
in  the  capillaries  at  any  given  time  is  greater  than  that  in  the  arteries; 
fiince,  although  the  united  ro fibre  of  the  rapilhiries  is  large,  their  length 
is  very  small.  The  structure  of  the  capillary  system  is  such  as  to  dls- 
eeminate  a  small  quantity  of  blood  over  a  large  space,  allowing  lis 
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physiological  reactions  to  take  place  with  rapidity  and  energy.     Al- 
though the  movement  of  the  blood  in  these  vessels,  accordingly,  is 
low,  yet  as  the  distance  between  the  arteries  and  the  veins  is  very 
lall,  it  requires  but  a  short  timn  for  the  blood  to  traverse  the  capillary 
system,  and  commence  its  returning  passage  by  the  veins. 

General  Rapidity  of  the  Circniation. 

The  rapidity  with  which  the  blood  passes  through  the  entire  round 
of  the  drculatioti  has  been  deni on st rated  l»y  Ilering,  Poisseuille, 
Matteucci,  and  Yierordt  in  the  following  manner:  A  solution  of  potas- 
sium ferrocyanide  was  injected  into  the  right  jugular  vein  of  the  horse, 
at  the  same  time  that  a  ligature  was  placed  on  the  corresponding  vein 
of  the  opposite  side,  and  au  opening  made  in  it  above  the  ligature.  The 
blood  flowing  from  this  opening  was  received  in  separate  vessels,  at 
intervals  of  five  seconds,  and  afterward  examined.  The  blood  drawn 
from  the  first  to  the  twentieth  second  contained  no  trace  of  the  ferro- 
cyanide; but  that  which  escaped  from  the  iwentiuth  to  the  twenty-fifth 
second  showed  unmistakable  i*vidt'nce  of  its  presence.  During  this 
time  therefore  the  foreign  salt  must  have  passed  from  the  point  of  in- 
jection to  the  right  side  of  the  heart,  thence  through  the  pulmonary 
circulation  to  the  left  side  of  the  heart,  oulvvard  by  the  arteries  to 
the  capillaries  of  the  head  and  neck,  and  thence  down  toward  the  heart 
by  the  opposite  jugular  vein. 

Further  observations  huve  shown  that  the  duration  of  the  circulatory 
movement  varies  somewhat  in  diil'erent  animals ;  being,  as  a  general 
rulr,  longer  in  those  of  lurjfer  size.  Their  main  result,  as  given  by 
Milne  Edwards,*  is  as  follows : 

DcRATfON  OF  THB  OiaCULATORY   MOVEMENT. 

In  the  Iforse  ....  ...  2S  seconds. 

"       Dog IG       " 

"       Goat 13       " 

Rabbit 7      '• 

In  experimenting  on  the  dog,  by  injecting  a  solution  of  potassium 
ferrocyanide  into  the  jugular  vein,  and  immediatrly  drawing  blood 
from  the  eorresponding  vein  on  th*.-  ojiposite  sjdr,  we  have  found  that 
the  short  time  required  for  closing  the  first  vt>in  by  ligature  after  ujak- 
ing  the  iryectioa,  and  o|H?ning  the  second  to  obtain  a  specimen  of  blood, 
\s  sufficient  for  the  pa.ssage  of  the  ferrocyanide.  If  we  regard  the 
duration  of  this  movement  in  man  as  iritvrmediiite  between  that  in  the 
dog  and  the  horse,  acoordintr  to  the  ditlirenec  in  size,  this  would  give 
the  time  required  by  the  blood  to  make  the  complete  circuit  of  the 
vascular  system  as  not  far  from  20  seconds. 


♦  Lemons  Hur  hi  Pbyaiologie.     Paris,  1859,  tome  iv.,  p.  864. 
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Local  Variations  in  the  Capillary  Ciroalation. 

Ati  important  class  of  jibenoniona  connected  with  the  capillary 
•ulution  consistrt  of  its  local   variations.     These  variations  are  oftea' 

very  nmrked,  and  show  them&elves  iui 
man}'  different  parts  of  the  body.     Tl 
pallor  or  suffusion  of  the  face  from  men- 
tal emotion,  the  congestion  of  the  glandlj 
and  mucous   membranes   during  di;re*'| 
tion,  and  the  defined  redness  of  the  ski 
after  irritatintr  applications,  are  instan( 
of  thirt  kind.    They  are  due  to  the  vary«i 
iiig   condition    of    the    smaller    arterii 
branches  which  contract  or  dilate  aft^ 
different   nervous   influences,    and   thi 
diminish   or   increase   the   quantity   oi 
l>!ood  in  Iho  capillary  circulation.    Whei 
contracted,  they  rettist  the  impulse  of  th« 
arterial  current,  and  admit  the  blood  ia] 
smalltT  quantity.     When  dilated,  thej 
allow   it  a  free   access,  and   the   bh 
pa^sscs    in    |j:reatcr    abundance    to    the 
••apillary  vessels. 

These  changes  are  most  distinctly 
inauifostod  in  the  periodieal  eong:e.stioi 
1  >r  the  glandular  organs.  AU  the  glanc 
and  mucous  membranes  of  the  digestive 
apparatus  enter  into  a  state  of  vascular^ 
I'xcitement  at  the  time  of  secretion  and 
digestion.  This  unusual  vascularity  can 
be  seen,  in  the  living  animal,  in  the 
pancreas,  and  in  the  mucous  membranos 
of  the  stomach  ami  small  intestine ; 
which  are  visibly  redder  and  more  turgid 
during  digestion  and  absorption  than  ia 
the  fasting  condition. 

The  variations  of  the  capillary  circu- 
lation, as  influenced  by  glandular  activ-^ 
ity  and  repose,  have  l>een  most  success 
fully  studied  in  the  suhmaxillary  gland 
of  the  dog.  While  this  gland  is  in  ac- 
tive secretion  the  quantity  of  blood  pass- 
ing through  its  vessels  is  largely  tn-i 
creased.  In  the  experiments  of  Ber- 
nard *  the  submaxillary  vein,  dnringr 
the  condition  of  glandular  repose,  yielded 
five  cubic  centimetres  of  blood  in  a  little  more  than  one  minute ;  but 
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SlAOKAW     OF     TIIV.     ClBCt'LATION.— 1. 

Ueart.  2.  Luug*.  3.  Hood  aa<!  up(M;r 
extrctutlies.  i.  Spleen.  5.  iDtesline. 
0.  Kiilu<-f .    7.  Lower  extretnltteA.    8. 


*  Le^onfl  «ur  lea  Liquides  da  rOrganisroe.    Paris,  1859,  tome  ii.,  p.  272 
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when  the  organ  was  excited  to  functional  activity,  it  discharged  the 
game  quantity  in  fifloen  seconds.  Thus  the  volume  of  blood  passing 
through  the  gland  in  a  given  time  was  more  than  four  times  as  great 
while  in  active  secretion  as  in  a  condition  of  repose. 

The  increased  flow  of  blood,  in  a  secreting  gland,  is  accompanied  by 
an  important  chaugo  in  its  appearance.  Diirinc:  repose,  the  blood, 
which  enters  the  suhniaxillury  gland  bright  rrd,  is  changed  from 
arterial  to  venous,  and  pas.ses  out  by  the  veins  of  a  dark  color.  But 
during  active  secretion,  the  blood  is  not  only  discharged  in  larger 
quantity,  but  passes  out  by  the  veins  of  a  red  color,  hardly  distin- 
guii^hable  from  that  of  arterial  blood.  When  the  secretion  of  the 
gland  is  suspended,  its  venon.s  blood  again  becomes  dark-colored  as 
before.  There  is  little  doubt  that  the  same  is  true  of  other  prlands,  and 
that  the  blood  circulating  in  their  capillaries  is  changed  from  red  to 
blue  only  during  the  period  of  functional  repose ;  while  at  the  time  of 
active  secretion  it  passes  through  the  vessels  in  greater  abundance,  and 
retains  its  ruddy  color  in  the  veins. 

This  variation  depends  on  the  different  functions  performed  by  the 
blood  in  the  two  periods.  Puririg  glandnlar  repose  it  serves  for  the 
usual  changes  of  nutrition,  which  consume  its  oxygen,  and  conse- 
quently change  its  color  from  red  to  blue.  But  during  active  secretion 
the  blood  passes  in  larger  quantity,  while  its  watery  and  saline  Ingre- 
dients e.xude  in(o  tbe  secretory  ducts,  bringing  witb  1  hem  the  materials 
accumulated  in  the  intervals  of  repose ;  and  as  there  is  nothing  in  this 
process  to  exhaust  the  oxygen  of  the  blood,  it  therefore  passes  out  by 
the  veins  with  its  color  comparatively  unaltered. 

A  similar  raddy  color  of  the  blood  is  to  Ije  seen  in  the  renal  veins, 
where  it  is  often  nearly  identical  with  that  of  arterial  blood.  When 
the  kidneys  are  in  a  state  of  functional  activity,  the  difference  in  color 
between  the  renal  veins  and  those  of  the  neighboring  muscles,  or  the 
vena  cava,  is  very  marked.  Thf*  only  inijjortant  change  in  tbe  blood 
while  passing  through  the  kidneys  is  the  elimination  of  its  urea-,  the 
process  of  local  nutrition  being  altogether  secondary.  Consequently 
the  blood  loses  but  little  oxygen  in  these  organs,  and  suffers  but  little 
alteration  of  its  hue. 

On  the  other  hand,  the  venous  blood  coming  from  the  muscles  is 
very  dark,  especially  if  they  be  in  a  state  of  active  contraction ;  and 
as  the  muscles  form  so  large  a  part  of  the  mass  of  the  body,  their  con- 
dition has  a  preponderating  influt'nee  on  the  color  of  the  venous  blood 
in  general-  The  greater  the  activity  of  the  muscular  system,  the 
darker  is  the  blood  returning  from  the  trunk  and  extremities.  In  a 
state  of  repose  or  paralysis,  on  the  contrary,  the  ehange  is  less  marked; 
and  in  the  complete  relaxation  produced  by  abundant  hemorrhage  or 
profound  etherization,  the  blood  in  the  larger  veins  often  approximates 
in  color  to  that  in  the  arteries. 

Finally,  in  the  lungs  the  reverse  process  takes  place.  In  these  organs 
the  blood  is  supplied  with  a  fresh  qtiantity  of  oxygen,  to  replace  that 
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consumed  elsewhere ;  and  accordingly  it  changes  its  color  from  dark 
purple  to  bright  red  while  passing  through  the  pulmonary  capillaries. 
Both  the  simpler  and  the  more  important  phenomena  of  the  circu- 
lation vary  therefore  at  different  times  and  in  different  organs.  The 
blood  has  a  different  composition  as  it  returns  from  different  parts, 
or  has  been  employed  in  different  functions.  In  the  parotid  gland  it 
yields  the  ingredients  of  the  saliva ;  in  the  kidneys  those  of  the  urine. 
In  the  portal  vein  it  contains  the  products  of  intestinal  digestion ;  and 
in  the  hepatic  vein  it  has  suffered  a  further  alteration  by  passing 
through  the  capillaries  of  the  liver.  In  the  lungs  it  changes  Irom  blue 
to  red,  and  in  the  greater  part  of  the  general  system,  from  red  to 
blue ;  and  even  its  temperature  varies  in  different  veins,  according  to 
the  special  nutritive  changes  in  the  organs  from  which  they  come. 


CHAPTER  VI1\ 
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THE  Ll'MPIIATIC  SYSTEM. 

IX  addition  to  the  series  of  (Connected  canak,  tfaroug:h  which  the 
blood  passes  in  a  continuous  round  by  the  arteries,  capillaries,  and 
veins,  there  la  alt»o  a  eysteiu  of  vesjjols,  leading  from  the  periphery 
toward  the  centre,  and  dis^cbargiuj^  into  the  f?reat  veins  near  the  heart 
the  materials  which  have  been  absorbed  from  the  tissues.  The  fluid 
in  these  vesseli*  is  nearly  colorless,  and  from  ita  transparent  and 
watery  appearance  is  called  the  "  lymph,"  the  vessels  themselves 
constituting  the  lymphalic  system. 

As  the  blood  moves  through  the  capillaries  under  the  influence  of 
the  arterial  pres.'Jure,  certain  of  its  inij^redients  transude  through  the 
vascular  walls  and  penetrate  the  interstices  of  the  tissues.  An  in- 
crea-sed  pressure  of  the  blood,  either  from  arterial  congestion  or  from 
obstruction  to  the  venous  current,  will  increase  the  amount  of  transu- 
dation, produeinir  an  adeinatous  condition,  which  is  lirst  perceptible  in 
the  louse  connective  tissue,  but  which  may  afterward  involve  the  more 
compact  substance  of  the  organs.  In  the  normal  state  of  the  circula- 
tion, this  interstitial  fluid,  which  is  the  source  of  nutriment  for  the 
solid  parts,  is  remnved  by  continual  change.  As  fresh  supplies  are 
drawn  from  the  circulating  blood,  the  older  portions  are  removed  by 
absorption  and  returned  to  the  centre  of  the  circulation  by  the  lym- 
phatic vessels.  Thus  these  vessels  may  be  considered  as  complementary 
in  function  to  the  veins.  The  blood,  containing  the  red  globules,  is 
rapidly  relumed  to  the  kings  by  the  veins,  to  regain  the  necessary 
oxygen ;  while  the  lymphatic  vessels  collect  more  gradually  the  fluids 
which  have  served  for  nutrition  and  growth. 

Oeneral  Structure  and  Arrangement  of  the  Lymphatic  System. 
In  structure  the  iyiuphsities  do  ni>t  esseutiaily  differ  from  the  blood- 
vessels, their  main  peculiarity  being  the  greater  delicacy  and  trans- 
parency of  their  walls.  Those  of  larger  and  medium  size  consist  of 
three  coats,  similar  in  general  character  to  the  corresponding  tunics 
of  the  blood-vessels.  According  to  Kolliker,  the  external  coat  alone 
is  distinguished  from  that  of  the  veins  by  the  presence  of  muscular 
fibres  arranged  in  a  longitudinal  and  oblique  direction ;  as  seen  in 
lymphatics  of  0.2  niiliimetre  in  diameter  and  upward.  Like  the  veins, 
they  are  provided  with  numerous  valves,  opening  toward  the  heart 
and  closing  toward  the  periphery.  The  smallest  lym]>hatic  ve."*.scls 
have  only  a  single  coat,  composed  of  flattened,  epithelium-like,  nucleated 
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wlls,  which  maj  l>e  hrought  into  view,  like  thoec  of  the  capillarr  blood* 
vessels,  by  the  staining  action  of  silver  nitrate. 

Origin  and  Course  of  the  Lyviphatic  Ve»»ele. — So  far  ax  the  origio 
of  the  lymphatic  vessels  hae  been  demonstrated  by  injections,  they 
conininnee  by  irrey^iilar  plexuses.  They  are  more  abundant  in  orpans 
which  are  well  sui»pIieU  with  blood-vessels,  and  are  absent  in  ni>ri- 
vascular  tissues,  such  as  those  of  the  cornea,  the  vitreouB  body,  and 
the  epidermic  and  epithelial  layers  of  the  skin  and  mueons  membrajies. 
According  to  Recklinghausen,  the  meshes  of  th<'  lymphatic  plexus  are 
usually  intercalated  between  those  of  the  capillary  blood-vessels:  90 
that  the  point  of  junction  of  two  or  more  lymphatics  is  in  the  mid- 
dle of  the  space  surrounded  by  the  adjacent  blood-vessels.  Thus  the 
lymphatic  capillary  is  situated  at  the  jjreatest  possible  distance  from 
the  nearest  capillary  blood-vessels;  and  in  the  transudation  of  6uids 
from  one  to  the  other,  the  intervening  tissue  is  completely  traver«?d 
by  the  nutritious  ingredients  of  the  blood.  In  membranous  expan- 
sions presenting'  a  free  surface,  as  in  the  skin  and  jnucous  memliranes, 
the  capillary  blood-vessels  are  situated  near  the  surfac^e,  while  the 
lymphatics  occupy  a  deeper  plane.  In  the  villi  of  the  intestine,  ihe 
network  of  blood-vessels  is  immediately  beneath  the  epithelial  layer, 
and  the  lacteal  vessel  in  the  central  part  of  the  villus. 

Beside  the  lymphatic  capillaries  proper,  certjiin  irregularly-shaped 
spaces  or  canals,  coutaininj?  a  colorless  serous  fluid,  have  lieen  found 
in  orjrans  composed  of  dense  connective  tissue,  like  the  central  tendon 
of  the  diaphragm  and  muscular  fascia*.  They  are  fjenerally  demon- 
strated by  treatin;^  the  tissues  with  silver  nitrate,  which  stAins  the  solid 
portions  of  a  dark  color,  but  leaves  the  capillary  vessels  and  eeroiis 
canak  uncolored.  These  interstitial  camiliculi  are  rejrarded  by  gome 
observers  as  continuous  with  the  lymphatic  capillaries,  and  as  the 
immediate  sources  of  supply  for  the  lymph.  They  are  distinj^uisbed 
from  the  lymphatic  capillaries  by  their  smaller  size,  and  by  the  fact 
that  they  are  not  provided  vviih  an  i-pith(-lial  lininjf. 

From  their  plexuses  of  orijrin  the  lymphatic  vessels  pa«8  inward 
to  the  ;rrent  cavities  of  the  body,  imitinp  into  branches  and  trunks, 
and  following?  jreruTally  the  course  of  the  principal  blood-vessels. 
Those  of  the  lower  extremities  enter  the  abdomen  and  join  the  abdomi- 
nal lymphatics,  to  form  the  commencement  of  the  thoracic  duct.  This 
duct  ascends,  through  the  chest,  to  the  root  of  the  neck,  whore  it  ia 
joined  by  lymphatics  from  the  left  side  of  iihe  head  and  the  left  upper 
extremity,  and  terminates  in  the  left  subclavian  vein,  at  its  junction 
with  the  l*^ft  internal  jugular.  The  lymphatic  vessels  eominip  from  the 
right  side  of  the  bead  and  ueek  and  the  right  upper  extremity  form  the 
right  lymphatic  duct,  which  terminates  in  the  right  subclavian  vein 
at  its  junction  with  the  right  internal  jugular.  Thus  the  lymph, 
collected  irom  the  vascular  tissues  of  the  entire  body,  is  mingled  with 
the  venous  blood  a  little  before  its  arrival  at  the  right  side  of  the  heart. 

The  Qreai  Serous  Cavities  are  Lymphatic  Lacunae. — In  the  am- 
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pbibions  reptiles  therp  are  irregularly-shaped  spaceii  or  lacuDte,  forming 
part  of  the  lymphatic  system  and  interposed  between  adjacent  organs 
in  various  parts  of  the  body.  In  the  mammalia  the  peritoneal  and 
pleural  cavities,  and  probably  all  the  principal  serous  sacs,  are  also  in 
communication  with  the  lyiuphatic  vessels.  This  was  first  ehown  by 
Reckliiighausen*  in  the  rabbit,  by  injecting  the  peritoneal  cavity  with 
milk,  or  a  watery  tiuid  holding  granules  of  coloring  matter  in  su.spon- 
sion,  after  which  the  lymphatic  vessels  of  the  central  Tendon  of  the 
diaphragm  were  found  fiiied  with  the  injection.  Furthermore,  the 
central  tendon  of  the  diaphragm  being  removed  from  the  recently- 
killed  animal,  and  a  drop  of  milk  placed  upon  its  peritoneal  surface, 
the  milk  globules  could  be  observed  under  the  microBc^ope,  running 
in  converging  currents  to  certain  jwints  on  the  surface  of  the  tendon 
and  thence  penetrating  into  its  lymphatic  vessels.  The  cavity  of  the 
pleura  has  been  found  by  similar  means  to  communicate  with  the  lym- 
phatic vessels  in  its  neighborhood.  The  serous  cavities  accordingly 
are  either  extensive  lacuute,  forming  in  some  regions  the  origin  of 
the  lymphatics,  or  else  they  are  wide  and  shallow  eiqiansions,  situated 
at  various  points  in  the  course  of  the.ee  vessels. 

The  Lympkntic  Olatids. — During  the  passage  of  the  lymphatic  ves- 
sels from  the  periphery  toward  the  centre,  they  are  repeatedly  inter- 

ipted  by  ovoidal  gland-like  bodies,  of  a  pale  reddi.«h  color,  varying,  in 
,  from  two  to  twenty  millimetres  in  their  long  diameter.  They  do 
not  exist  in  fish  and  reptiles,  but  are  always  present  in  birds  and  mam- 
niaiia.  As  a  rule,  each  gland  receives  several  lymphatic  ves.sels,  com- 
ing from  the  periphery ;  and  several  others  leave  it  at  the  opposite  sur- 
face, continuing  their  course  toward  the  centre  of  the  circulation.  The 
former  are  called  the  "afferent."  the  tatter  the  "efferent"  lymphatic 
vessel.'i.  The  lymphatic  glands  have  no  excretory  duet,  and  whatever 
new  materials  they  produce  must  be  carried  away  either  by  the  veins 
or  by  the  efferent  lymphatic  vessels. 

The  lymphatic  glands  consist,  first,  of  an  external  fibrous  envelope, 
with  prolongations  from  its  internal  surface  in  the  form  of  septa  and 
branching  bands,  dividing  the  interior  into  smaller  spaces  by  their  inos- 
culation. The  fibrous  bands  composing  this  framework  are  the  *'tral>ec- 
nlie."  Secondly,  in  the  interstices  Hx'tween  the  truheeulae  is  contained 
the  pulpy  substance  of  the  gland.  Thirdly,  the  blood-vessels  in  the 
interior  of  the  gland  follow  distinct  routes  iu  the  spaces  between  the 
trabecuJse.  They  are  surrounded  and  held  in  position  by  fine  branch- 
ing fibres  attached  to  their  external  surface ;  and  in  the  meshes  of 
these  fibres,  as  well  as  Ijetween  the  blood-vessels,  are  imbedded  a  great 
number  of  rounded,  granular,  nucleated  cells,  about  9  mnim.  in  diam- 
eter, similar  to  the  white  globules  of  the  blood  and  lymph,  and  known 
in  this  situation  as  *'  lymph  globules."  The  presence  of  these  cells. 
between  and  immediately  around  the  capillary  blood-vessels,  gives  to 


Strieker's  Manual  of  Histology,  Buck',-  Edition.     New  York,  1872,  p.  221. 
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the  parts  occupied  bj  them  a  wpll-marked  opaque  appearance ;  and  they 
thus  form,  in  a  thin  section  of  the  glauil,  elon;;ated,  opatiue  tTflr»»i, 
separated  by  transparent  interspaces,  and  eommunicating  with  each 
other  at  frequent  intervals.  These  tracts  are  called  the  medullary  cords 
of  the  lymphatic  gland.  They  are  the  only  vaj^cular  parts  of  the  orjran  ; 
as  the  capillary  bltHnl- vessels  never  pass  beyond  them  into  the  iuler- 
venlng  Inuispnreul  !?paces.  The  transparent  spaces  arc  the  /</?»;>/<- 
paths,  or  the  channels  by  which  the  lymph  traverses  the  glaud  trora 
its  afferent  to  its  efferent  vessels.  The  afferent  lymphatic  vessels, 
aeeonlin/;  to  the  testimony  of  nearly  all  observers,  after  ramifying 
ujum  the  outer  surface  of  the  gland,  pioetrate  its  fibrous  eavelo|>e 
and  become  continuous  with  the  transparent  portions  of  its  substance. 
This  is  shown  by  injections  of  the  frland  from  the  afferent  vessels; 
and  KoUikor  has  demonstrated  a  connection  of  the  same  channels 
with  the  efferent  vessels,  by  injecting  them  from  the  substance  of  the 
gland. 

The  cause  of  the  transparent  appearance  presented  by  the  lymph- 
paths  in  thin  sections  of  the  ^larvd  is  that  their  lym])h-cells  are  easily 
detached  by  niani[>ulati<m,  while  those  of  the  medullary  cords  are  more 
firmly  fixed  in  the  fibrous  mesh- work  and  do  not  so  readily  yield  to  a 
displacin/i^  force.  It  has  been  found  by  Kolliker  that  a  watery  or 
serous  fluid,  injected  throug;h  the  substance  of  the  gland  under  mod- 
erate pressure,  will  also  displace  these  cells  and  leave  the  partet 
which  they  occupied  nearly  clear.  It  is  for  this  reason  that  the 
lighter  spaces  in  the  lymphatic  glands  are  regarded  as  the  cbau- 
nela  by  which  the  lymph  passes  from  the  afl'erent  to  the  efferent 
vessels,  the  lymph-cells  being  detached  by  this  current  from  their 
place  of  growth  and  carried  onward  through  the  lymphatic  system. 

Transudation  and  Absorption  by  Animal  Tissues. 

If  a  fi-esh  animal  membrane  be  securely  fastened  over  the  lower 
end  of  a  glass  tube,  the  tube  filled  with  a  solution  of  various  sub- 
stances, and  immersed  in  an  exterior  vessel  of  pure  water,  so  that  the 
membrane  is  a  diaphragm,  with  the  water  on  one  side  and  the  solution 
on  the  other,  it  is  found  that  did'erent  substances  penetrate  the  mem- 
brane and  pass  through  it  to  the  water  with  different  degrees  of  rapidity. 
As  a  rule  crystallizable  substances,  such  as  mineral  salts,  glucose,  or 
area,  pass  with  facility  ;  while  non-crystallizable  matters,  such  as  albu- 
men, starch,  or  gum,  pass  either  not  at  all,  or  with  difficulty.  The 
former  are  called  "diffusible"  substances,  because  they  pass  through 
the  membrane  and  become  diffused  in  the  water  beyond ;  the  latter 
are  "  non-diffusible,"  and  do  not  appear  in  the  exterior  liquid,  which 
consequently  maintains  its  purity.  This  distinction  is  not  absolute, 
since  nearly  all  soluble  substances  may  be  made  to  transude  in  some 
degree  by  increasing  the  pressure  on  the  corresponding  side  of  the 
membrane ;    but   the  differencf  iu  this  respect  is  often  very  great. 
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According  to  Liebig,*  the  requisite  pressure  for  differeut  liquids,  passing 
through  the  same  membrane  iu  a  given  time,  is  as  follows : 

PSXSSUBB  KeQUIKED  TO   CaCSE  TKANBrDl.TION  THROUOH  OX-BIADCIUI. 

Kind  of  liquid.  Height  of  the  lucrcariRl  columtL 

Water 320  millimetres. 

Solntion  of  suit 630 

Oil    .        .  WOB  " 

Alcohol     .         .  1280 

The  different  diffusibility  of  different  substances  has  been  employed 
for  separating  them  from  each  other,  when  mingled  in  the  same  solution. 
This  process  is  termed  IHalyHts.  If  a  solution  containing  both  gum 
and  sugar  be  placeil  on  one  side  of  a  membranous  diaphragm,  with 
pure  water  on  the  other,  the  sugar  will  pass  through,  while  the  gum 
will  be  left  behind.  If  a  mixture  of  albumen  and  sodium  chloride  be 
placed  under  the  same  conditions,  the  salt  will  transude  leaving  the 
albumen  by  itself;  the  two  substances  being  thus  separated  by  the 
action  of  the  membrane.  By  this  means  poisonous  crystal lizable  matters 
may  be  extricated  from  organic  mixtures  in  sufficient  purity  for  thoir 
detection  by  chemical  tests;  and  on  the  other  hand  albuminous  matters 
may  be  purified  from  the  saline  ingredients  of  the  animal  fluids,  and 
obtained  in  a  condition  for  examination  and  analysis. 

Endoitmogig  and  Exosmoais. — Hoside  the  elimination  of  chemical 
ingredients,  as  above  described,  transudation  often  gives  rise  to  a  change 
in  volume  of  the  fluids  on  either  side  of  the  membrane.  When  a  mem- 
brane is  interposed  between  two  liquids  which  are  transmitted  with 
different  degrees  of  facility,  that  which  passes  most  readily  will  accu- 
mulate on  the  opposite  side  of  the  membrane. 

If,  for  example,  a  solution  of  salt  and  an  equal  volume  of  distilled 
water  be  placed  in  contact  with  opposite  sides  of  the  membrane,  after 
a  time  they  will  have  bt'come  mingled,  to  some  extent,  with  each  other. 
A  part  of  the  salt  will  have  passed  iato  the  water,  giving  it  a  saline 
taste ;  and  a  part  of  the  water  will  have  passed  into  the  saline  solution, 
making  it  more  dilute  thnn  before.  If  the  quantities  of  the  two 
liquids  be  now  men.^ured,  it  will  be  found  that  a  comparatively  large 
quantity  of  water  has  passed  into  the  saline  solution,  and  a  compara- 
tively small  quantity  of  the  saline  solution  has  pa.ssed  into  the  water. 
That  is,  the  water  passes  inward  to  the  salt  more  rapidly  than  the 
salt  passes  outward  to  the  water.  The  consequence  is,  that  the  volume 
of  the  saline  solution  is  increased,  while  that  of  the  water  is  dimin- 
ished. The  more  abundant  passage  of  the  water,  through  the  membrane 
to  the  salt,  is  called  endogmosis ;  and  the  more  scanty  passage  of  the  salt 
outward  to  the  water  is  called  ejrosmosiy. 

The  mode  usually  adopted  for  measuring  the  rapidity  of  endosmosis 
is  to  take  a  glass  vessel,  wide  at  the  bottom  and  narrow  at  the  top, 
with  a  membrane  stretched  over  its  larger  orifice  and  secured  by  a 

*  Annales  de  Chimie  et  de  Physique.    Paria,  1849,  tome  xzv.,  p.  37S. 
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Hgaturo.  To  its  top  there  is  fitted  a  narrow  upright  glass  tube,  open 
at  both  ends.  The  iustruinent  thus  prepared  is  filled  with  a  saline  «r 
organic  solution  and  placed  in  distilled  water;  so  that  the  membrane, 
stretched  over  its  mouth,  shall  be  in  contact  with  water  on  one  side  and 
with  the  interior  solution  on  the  other.  As  the  water  then  passes  ia 
by  endosmosis  faster  than  thc3  ingredients  of  the  solution  pass  out,  an 
accumulation  take,-*  place  within  the  vesHoI,  aud  the  fluid  rises  in  the 
upright  tube.  The  heiprht  to  which  it  thus  rises  in  a  given  time  is  a 
measure  of  the  intensity  of  the  endosmosis,  and  of  its  excess  orer] 
exosmosis.     Such  an  instrument  is  called  an  endosmometer. 

Pfiysical  Conditions  influencing  Endosmosi». — The  conditions  whidi 
Teg:ulnte  the  rapidity  and  extent  of  endosmosis  have  been  investigated! 
hy  Dutrochet,*  Graham,  Vierordt,  Matteucci,  and  Cima.    The  first  of 
these  conditions  is  the  freshness  of  the  animal  membrane.     A  mem»i 
brnuc  which  has  been  dried  and  remoistened,  or  which  has  lost  its 
freshness  from  any  cause,  will  not  produce  its  full  effect.     If  the  mem- 
brane be  allowed  to  remain  and  macerate  in  the  fluids,  the  endosmotiol 
colunm,  after  rising  to  a  certain  height,  begins  to  descend  when  putre-  i 
faction  conmiLMices,  and  the  two  liquids  finally  sink  to  the  same  level. 

The  next  condition  is  the  extent  of  contact  between  the  membrane 
and  the  liquids.    The  greater  this  extent,  the  more  rapid  is  endosmosis. 
An  endosmometer  with  a  wide  mouth  will  produce  more  eflFect  than 
with  a  narrow  one,  though  the  volume  of  lifpiid  may  l>e  the  same., 
The  action  which  takes  place  in  the  membrane  is  proportional  to  itaj 
extent  of  surface. 

The  nature  of  the  membrane  employed,  and  even  its  position  in  reA 
yard  to  the  two  liquids,  also  influence  the  result.  Different  membraneisj 
act  with  different  degrees  of  force,  since  the  power  of  absorption  foi 
a  given  liquid  varies  with  different  tissues.  In  the  experiments  of| 
Chevreul,!  definite  quantities  of  various  animal  tissues  were  immersed] 
in  different  liquids  for  twenty-four  hours;  at  the  end  of  which  timej 
their  increase  in  weight  showed  the  quantity  of  liquid  absorbed.  Ti 
result  is  given  in  the  following  table : 

COMPABA.TrVB   PoWKB  OF   AbsOBPTION   IS  DIFFERENT  TiBBCIS. 


100  Purtii  of 

Water. 

8&Une8 

olnUon 

on. 

Cartilage, 

281 

parts. 

125  parts. 

Tendon, 

178 

114 

ti 

8.6  parts. 

Elastic  ligament, 

absorb  in 

148 

80 

>i 

7.2      *' 

Oomeo, 

24  hours, 

461 

870 

t. 

9.1      " 

OartilflginouB  ligament, 

319 

S.2      " 

Dried  fibrine, 

801 

151 

41 

i 

Thus  the  tissue  of  cartilage  will  absorb,  weight  for  weight,  nearly 

80  per  cent,  more  water  than  that  of  the  tendons ;  and  the  cornea  will 
absorb  nearly  twice  as  much  as  cartilage.    Tbe  animal  tissues  in  general 

*  Nouvelles  Becherclies  but  rEndosmoee  et  rEzaemofle.     PariA,  1828. 
t  Id  Longet,  Traits  de  Physiologie.    Poria,  1861,  tome  i.,  p.  383. 


THE    LYMPHATIC    SYSTEM. 


313 


sbsorb  water  more  abundantly  than  a  saline  solution  ;  and  if  a  partially 
dried  membrane  Ix*  placed  in  a  :*aturated  Bolulioti  of  podium  chloride. 
owing"  to  its  rapid  absorption  of  the  water,  a  part  of  the  salt  will  be 
left  behind  and  deposited  in  a  crystalline  form  on  its  surface. 

The  position  of  the  membrane  exerts  a  similar  influence,  owinjp  to 
a  difference  of  absorbing  power  in  its  two  Hiirfaces.  Matteucci  found 
that,  in  using  the  raucous  membrane  of  the  ox-bladder  with  water  and 
>lution  of  sugar,  if  the  mucous  surface  of  the  membrane  were  in 
wmtact  ^\-ith  tlu^  saccharine  solution,  the  liquid  rose  in  the  endosmome- 
ter  between  80  and  113  mJllimctrefl  iu  two  hours.  But  if  the  same 
surface  were  turned  toward  thv  water,  the  rise  of  the  column  of  fluid 
was  only  between  03  and  72  millitijelres  in  the  same  time. 

Another  important  condition  is  the  constitution  of  the  two  liquids 
fkwi  their  relation  to  each  other.  Dutrochet  measured  the  force  with 
which  water  passes  through  the  mucous  membrane  of  the  ox-bladdur, 
into  different  solutions  of  similar  density,  Mith  the  following  result:* 

ExposMosia  OF  Water  TovrARU  diffkrekt  Ligi:ii>s. 
With  wiluUon  of  Iiiteostty  nf  endosmiwis. 

Gelatine.        ....  .        .      3 

Gum .5 

8iigar  11 

Albumen  .12 

As  a  general  rule,  when  the  liquids  employed  are  water  and  a  saline 
solution,  the  more  concentrated  the  solution,  the  more  active  is  endo8- 
niosis  ;  a  larger  quantity  of  water  passing  toward  a  denser  liquid  than 
toward  one  which  is  more  dilate.  Bat  the  above  table  shows  that 
endosmosis  will  vary  in  activity  with  solutions  of  different  substances, 
even  though  they  may  be  of  the  same  density;  and  when  the  two 
liquids  used  are  alcoljol  and  water,  endosmosis  takes  place  irom  the 
water  to  (he  alcohol,  that  is.  from  the  denser  liquid  to  the  lighter. 

When  two  different  liquids,  therefore,  are  placed  in  contact  with  the 
meml>raue,  there  is  usually  a  comparatively  rapid  endosmosis  in  one 
direction  and  a  comparatively  slow  exosmosis  in  the  other,  according 
to  the  rat«s  at  which  the  two  liquids  traverse  the  membrane.  But  in 
some  cases  there  may  be  endosmosis  without  exosmosis.  Thus  when 
water  and  albumen  are  employed  as  the  two  liquids,  while  the  water 
readily  passes  inwiird  through  the  membrane,  the  albumen  does  not 
pass  out.  If  an  o|>euing  l>e  made  in  the  large  end  of  a  fowl's  egg,  so 
aa  to  expose  the  shell-membrane,  and  the  whole  immersed  in  w^ater, 
endosmosis  will  take  place  frouly  from  the  water  to  the  albumen,  so  as 
to  distend  the  membrane  and  make  it  protrude,  like  a  hernia,  from  the 
opening  in  the  shell.  But  the  albumen  does  not  pass  outward,  and 
the  water  remains  pure.  After  a  time  the  pressure  from  within,  due 
to  the  accumulation  of  fluid,  becomes  sufficient  to  burst  the  shell- 
membrane,  after  which  the  two  liquids  mingle  with  each  other. 


*  In  Matteucci,  Physical  Phenomena  of  Living  Beings. 
Pbiladelpliia,  1S48,  {i.  48. 
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But  a  substance  like  albumen,  M'bich  will  not  pass  out  by  exosmosis 
toward  pure  water,  may  traverse  a  membrane  which  is  in  contact  with 
a  solution  of  salt.  Thi'^  lias  bf (^n  shown  with  the  sbdl-mcmbrane  of 
the  fowFs  egg,  which,  if  immersed  in  a  watery  solution  containing  3 or 
4  per  cent,  of  sodium  chloride,  will  allow  the  escape  of  a  small  proportion 
of  albumen.  If  a  mijLcd  solutiun  of  albumen  and  salt  be  placed  in  & 
dialysing  apparatus,  at  first  the  salt  alone  will  pass  outward,  leaviuj* 
the  albumen  behind  ;  but  after  the  exterior  liquid  has  become  perceptibly 
saline,  the  albumen  also  be^:ins  to  transude  in  appreciable  quantity. 

The  continuance  of  endosmosis  is  favored  by  renewal  of  the  two^ 
liquith.     Since  the  accumulation  of  fluid  oaono  side  of  the  membrane 
depends  on  the  diflTerence  in  composition  of  the  liquids  employed,  whea 
the  process  has  continued  for  some  time,  and  the  two  liquidis  have 
approximated  each  other  iu  composition,  the  activity  of  endosmofi*] 
is  diminished  in  a  corresponding  degree.    But  if  the  e.tterior  liquid  be] 
replaced  by  pure  water,  and  the  interior  solution  maintained  al  iU 
ori]u:inal  strenjfth  by  the  addition  of  new  ingredients,  transudation  will 
go  on  with  undiminished  activity  so  loutr  as  the  membrane  retains  ilft 
absorbent  power.     The  effect  of  a  continuous  current  in  aidintr  endos-J 
mosis  may  be  shown  by  filling"  the  cleansed  intestine  of  a  rabbit  with 
water  from  a  reservoir  and  then  placing  it  iu  a  shallow  vessel  containing 
a  dilute  solution  of  hydrochloric  acid.     If  the  water  be  allowed  to  flow 
through  the  intestine  under  pressure  from  the  reservoir,  that  which  is 
discharged  from  its  open  extremity  will  in  a  few  seconds  show  the 
presence  of  hydrochloric  acid.     The  acid  in  this  case  passes  throng 
the  eottts  of  the  ititestiiie  against  the  pressure  of  the  current,  which 
of  course  directed  from  within  outward. 

Endosmosis  is  also  regulated,  in  great  measure,  by  temperature.    As 
a  rule  its  activity  is  increased  by  moderate  warmth.     Dutrocbet  found 
that  an  endosniometer,  containing  a  solution  of  gum,  which  absorbed 
only   one  volume  of  water  ut   a  temperature  of  0°,  absorlied  tlir 
volumes  at  about  34-'  C.     Variations  of  temperature  will  soraetim 
even  change  the  direction  of  the  endosmotic  current,  particularly  wit! 
solutions  of  hydrochloric  acid.    In  the  experiments  of  Dutrochet,  whoa^ 
the  endosmometer  was  fi'led  with  dilute  hydrochloric  acid  and  placed' 
in  distilled  water  at  the  tcmprraturo  of  10^  C,  endosmosis  took  pla 
from  the  acid  to  the  water,  if  the  density  of  the  acid  solution  weje  le 
than  1,020 ;  but  from  the  water  to  the  acid,  if  its  density  were  great 
than  this.    On  the  other  hand,  at  the  temperature  of  22°  C,  the  curren 
was  from  within  outward  when  the  density  of  the  solution  was  belo 
1.003,  and  from  without  inward  when  it  was  above  that  point. 


le 
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Nature  of  Endosmosis  anii  Exosmosis. 
The  continued  transudation  of  a  solution  through  an  animal  mem- 
brane and  its  diffusion  in  an  exterior  fluid  are  dependent  on  the  simul^^ 
taneous  action  of  two  different  properties ;  first,  the  absorbent  capacit^p^^ 
of  the  membrane  for  the  solution,  and  secondly,  the  capacity  of  the 
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solution  for  diffusing  itself  in  the  exterior  fluid.  The  simpleKt  illus- 
tration of  the  process  is  that  of  the  transudation  and  evaporation  of 
moisture.  If  a  fresh  animal  membrane  he  t'.\posed  to  the  air  under 
ordinary  circumstances,  it  at  once  bej^rins  to  lose  water  by  evaporation  ; 
and  the  loss  will  continue,  under  favorable  hygrometric  conditions, 
«niil  the  whole  of  the  water  has  disappeared  in  the  atmosphere  and 
the  membrane  is  completely  desicealed.  But  if  the  membrane  l^e 
placed  with  its  upj>er  surface  in  contact  with  the  air,  and  it«  lower 
surface  iu  contact  with  water  or  a  \vatery  fluid,  it  no  sooner  loses  a 
(portion  of  its  water  by  evaporation  than  it  absorbs  a  corresponding 
quantity  fjoui  l>eneatb.  There  is  thus  a  continual  passage  of  water 
from  the  Quid,  through  the  membrane,  to  the  atmoy.j)here,  until  the 
-whole  of  it  has  been  exhausted;  the  membrane  retaining  its  own 
proportion  of  moisture,  while  losing  water  by  one  snrfaco  and  absorb- 
ing it  by  the  other. 

A  similar  interchange  will  take  place  if  one  surface  of  the  membrane 
is  iu  contact  with  water  and  the  other  with  a  saline  or  saccharine  sulu- 
lion  ;  provided  the  solution  be  sufficiently  concentrated  to  absorb  water 

I  from  the  membrane.  Each  layer  of  the  membrane  absorbs  from  that 
iDext  to  it  sufficient,  moisture  to  replace  that  which  has  passed  into  the 
calulion  ;  and  endosmosis  thus  goes  on  from  the  water  to  the  solution 
through  the  animal  membrane. 

In  this  instance,  however,  there  will  Iw  a  double  action.  As  the 
membrane  has  an  absorptive  power  for  both  the  water  and  the  ingredi- 
ents of  the  solution,  and  as  these  two  are  diffusible  in  each  other,  they 
■will  both  bo  transferred  in  opposite  directions.  But  since  the  mem- 
brane absorbs  water  more  readily  than  the  ingredients  of  the  solution, 
it  can  supply  the<^e  ingredients  to  the  water  on  one  side  less  abun- 
(tly  than  it  can  supply  water  to  the  solution  on  the  other.  Con- 
[Oently  a  larger  volume  of  water  passes  to  the  solution  than  vice 
verm,  and  endosmosis  preponderates  over  exosraosis. 

It  is  evident  accordiusly  that,  whatever  be  the  relation  of  the  two 
liquids  to  each  other,  the  first  requisite  for  their  traiisudution  is  the 
absorptive  power  of  the  animal  membrane.  A  membrane  in  contact 
with  two  different  liquids  will  nearly  always  absorb  one  of  them  more 
rapidly  than  the  other;  and  if  in  contact  with  a  solution  containing 
al  ingredients,  it  will  tuke  up  some  of  these  ingredients  in 
tor,  others  in  smaller  proportion.  A  substance,  therefore,  which 
the  intervening  membrane  does  not  absorb  at  all,  cannot  l)e  transferred 
lo  the  fluid  beyond  it.  The  membrane  acts  as  a  barrier  to  exclude 
ingredients  for  which  it  has  no  absorptive  power,  but  is  ready  to 
8upply  those  vrhich  it  can  take  up  with  facility. 

An  equally  important  coiftlition  of  endosmosis  and  oxosmosis  is  the 
diffusibility  of  different  liquids  in  each  other.  This  subject  was  inves- 
liiroted  by  Graham*  in  the  following  manner:    Glass  vessels,  filled 

*  Annalen  der  Chemie  und  Pbarmacie.     J3eldell>erg,  1851.     Band  Ixxvii.,  p.  56. 
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At3°C. 

Atl5.S«»a 

22.47 

.     82.35 

22.7fl 

.     80.70 

81.14 

.     40.20 

28.70 

.     35.55 

2«.10 

.     37.00 

la.o: 

.     15.46 

with  various  saline  solutions,  were  inimerBed  in  reserroirs  of  pure 
water,  so  that  the  level  of  the  water  in  the  reservoir  was  a  little 
higher  than  that  of  the  solution  in  the  interior  vessel ;  and  after  they 
had  been  allowed  to  remain  for  a  tiu)e  at  rest,  at  a  constant  tempera- 
ture, the  f4uantity  of  solution  which  had  escaped  into  the  surrounding 
liquid  indicated  the  rapidity  with  wiiich  diffusion  had  taken  place.  By 
this  method  it  was  found  that  the  diffusibility  of  different  liquids  varies 
in  an  analojD^ous  way  with  their  absorption  by  animal  tissues,  and  ift 
influenced  by  similur  conditions.  Solutions  of  difl'erent  salts,  in  the 
same  dejrree  of  concentration,  arc  diffused  with  different  degrees  of 
rapidity ;  and  the  Kame  solution,  other  conditions  remaining  equal, 
inerea.'^os  in  diffusibility  with  the  elevation  of  temperature.  The  fol- 
lowinpr  table  shows  the  comparative  diffusibility  of  various  saline 
solutions  in  pure  water  at  different  temperatures : 

DiFFuaiBiUTY  OF  Saltny  Soltittons  in  Ptjuk  Water. 

Sotlinrn  chloride 
Sodium  nitrate 
Ainiuonium  cliloride 
Potassium  nitrate   . 
Potassium  iodide 
Magnesium  eulpbute 

The  rapidity  of  diffusion  is  influenced,  not  only  by  temperature,  but 
also  by  the  dcji^ee  of  concentration  of  the  solution  and  by  the  chemi- 
cal constitution  of  the  salt  which  it  contains.  A  concentrated  solution 
diffuses  into  pure  water  more  rapidly  than  one  which  is  comparatively 
dilute;  aud  if  the  solution  be  maintained  at  its  ori^^inal  degree  of  con- 
centration while  the  exterior  liquid  is  replaced  by  pure  water,  diffusion 
continues  with  lyrreater  enerju^y  than  if  the  two  liquids  arc  allowed  to 
become  changed  by  mutual  admixture.  Salts  of  potassium  diffuse 
more  rapidly  than  the  correspond! n^r  salts  of  sodium  ;  and  in  each 
instance  salts  of  the  monobasic  acids  diffuse  more  rapidly  than  those 
of  bibasic  acids  with  the  same  metals.  Sugar,  gum,  and  albtunen 
are  less  diffusible  than  the  soluble  mineral  salts,  and  of  all  the 
substances  examined  albumen  is  ihe  least  so,  being  diffused  only 
one-twentieth  part  as  readily  as  sodium  chloride.  Urea,  on  the  other 
hand,  is  nearly  as  diffusible  as  sodium  chloride  If  the  interior  vessel 
contain  a  mixed  solution  of  scv«'ral  sub.staiices,  each  is  diffused  with 
its  own  specific  rapidity,  so  that  after  a  time  they  are  found  in  the 
water  of  the  reservoir  in  different  quantities.  Various  other  peculiari- 
ties are  observed,  showing  the  influence  of  the  chemical  character  of  a 
salt  upon  its  diffusibility. 

In  the  experiments  of  Hoppe-Seyler.*  the  influence  of  repose  or  agi« 
tation  on  the  rate  of  diffusion  was  fully  demonstrated.  Concentrated 
solutions  of  sugar,  albumen,  or  other  substances  having  a  rotatory 


*  Pbysiologiacbe  Cheinle.     Berlin.  187 
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actioD  on  polarked  light,  wore  placed  at  the  bottom  of  a  glass  vessel, 
the  remainder  of  which  was  filled  with  pure  water.  The  quantity  of 
the  substance  in  sulutiuu  at  any  level  above  or  below  the  plane  of  con- 
tuot  of  the  two  liquids  could  then  be  determined  by  means  of  a  sac- 
charimeter;  and  the  examination  could  be  repeated  at  will  without  dis- 
turbing the  apparatus.  It  was  found  that,  under  these  conditions,  dif- 
fusion took  place  with  readiness  only  in  the  immediate  vicinity  of  the 
contact  of  the  two  liquids.  Solutions  of  gum  or  albumen  after 
several  days,  had  mingled  with  the  water  only  for  a  height  of  one 
or  two  centimetres  above  and  below  the  plane  of  contact;  and  with  a 
concentrated  solution  of  cane  sugar,  at  the  end  of  four  weeks  the  layer 
of  diffusion  was  only  lo  centimetres  in  thickness.  But  any  mechanical 
shock  or  disturbance  hastens  the  process  of  diffusion  and  adnnixture ; 
[and  with  solutions  of  gum,  sugar,  or  albumen,  a  few  seconds'  agita- 
ftion  may  produce  a  uniform  mixture  which  would  require  an  inde&oite 
time  by  difi'usion  in  a  state  of  rest. 

Absorption  and  Transudation  in  the  Living-  Body. 

All  the  conditions  favorable  to  endosmosis  and  exosmosis,  shown 
[by  the  above  experiments,  are  present  in  the  living  body.  The  organic 
tissues  and  membranes  have  their  normal  constitution  maintained  by 
the  process  of  nutrition,  and  exert  their  special  absorptive  power  on 
each  ingredient  of  the  animal  fluids.  The  extent  of  absorbing  surface 
is  mnliiplied  by  the  rJubdivJBion  of  the  blood-vessels,  the  glandular 

■  tubes,  and  the  anatomical  elements  of  the  organs.  The  fluids  are  in 
immediate  contact  with  the  absorbing  surfaces,  at  a  nearly  uniform, 
moderately  elevated  temperature ;  and  the  movement  of  the  blood  and 

■  Ivmph  supplies  the  requisite  ingredients  by  constant  renewal,  and  inces- 
santly removes  the  i^urplus  of  transuded  material. 

In  the  living  body,  accordingly,  transudation  takes  place  with  great 
rapidity.  It  has  been  shown  by  Gosselin,  that  if  a  watery  solution  of 
potassium  iodide  be  dropped  on  the  cornea  of  a  rabbit,  the  iodine 
passes  into  the  cornea,  aqueous  humor,  iris,  lens,  sclerotic  and  vitreous 
body,  in  the  course  of  eleven  minutes ;  and  that  it  will  penetrate  the 
aqneoos  humor  in  three  minutes,  and  the  eubstance  of  the  cornea  in  a 
minute  and  a  half.  In  these  experiments  it  is  evident  that  the  iodine 
passes  into  the  deeper  portions  of  the  eye  by  endosmosis,  and  not  by 
transportation  through  the  blood-vessels ;  since  it  is  not  found  in  the 
ti^ues  of  the  opposite  eye,  examined  at  the  same  time. 

The  same  observer  has  showti  that  the  active  principle  of  belladonna 
penetrates  the  tissues  of  the  eyeball  in  a  similar  manner.  H«'  applied 
a  solution  of  atropine  sulphate  to  both  eyes  of  two  rabbits,  and  in 
half  an  hour  the  pupils  were  dilated.  Three-quarters  of  an  hour  later, 
the  aqueous  humor  was  collected  by  puncturing  the  cornea  with  a  trocar; 
and  this  fluid,  dropped  on  the  eye  of  a  cat.  produced  dilatation  and 
immobility  of  the  pupil  in  half  an  hour.  The  aqueous  humor  of  the 
affected  eye  consequently  contains  atropine,  which  has  been  absorbed 
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through  the  cornea,  and  acts  directly  on  the  moscular  fibres  cf  the 
iri.*. 

But  in  n!l  vascular  or>rans,  ondohinosis  and  exosmoeis  are  furihpr 
acrplcrattnl  by  the  movement  of  the  blood. 

If  a  solution  of  nux  vomica  be  injected  into  the  subcutaneous  con- 
nective tissue  of  the  hind  leg-  of  two  ral>bits,  in  one  of  which  the  Iocs! 
circulation  is  unimpeded,  while  in  the  other  it  has  been  arrested 
J)y  ligature  of  the  blood-vessels  of  the  linib,  in  the  first  animal  tbp 
jioison  will  ite  absorbed  with  sufficient  rajudity  to  produce  its  jipeeifir 
effects  in  a  few  minutes*;  but  in  the  second,  absorption  will  Ir 
retarded,  and  the  poii^on  will  find  its  way  into  the  g^encral  circulation 
80  slowly,  that  its  action  will  be  manifested  only  at  a  lute  period,  or 
evpn  not  at  all. 

Albumen,  under  ordinary  conditions,  is  but  very  slightly  endosmotic 
or  diflFusible;  while  peptone  possesses  these  properties  in  a  marketl 
degree.  Peptone,  accordingly,  after  its  production  by  the  digestive  pro- 
cess, is  readily  absorl)ed  from  the  intestine  and  enters  the  blood-vessebi ; 
but  the  albumen  of  the  l>lood,  in  the  normal  state  of  the  circulation,  is 
not  exuded  from  the  secreting  surfaces.  If  the  pressure,  however,  within 
the  capillary  vessels  b<'  increased  by  venous  obstruction,  not  only  the 
saline  and  watery  jiarts  of  the  blood  pa-^^s  out  in  larger  quantities, 
but  the  albumen  also  transudes  and  iufdtrates  the  neighboring  partK 
In  this  way  albumen  may  make  its  appearance  in  the  urine,  from  dis- 
tnrbflnce  of  the  renal  circulation  j  and  local  (edciua  or  general  ana- 
sarca may  follow  u])on  venous  congestion  in  particular  regions  or  at| 
the  centre  of  the  circulation. 


The  L3rTiiph  and  Chyle. 

The  lymph  is  the  fluid  which,  having  Iw^en  absorbed  from  the  varlonsl 
tissues  and  or^rans  of  the  Itody,  is  transported  by  the  lymphatic  vcsaelj* 
and  discharged  into  the  great  veins  tu^ar  the  heart.  As  the  chyle  iaj 
simply  the  fluid  of  the  mesenteric  lymphatics,  which  has  become  whit« 
and  opafjue,  from  the  absorption  of  digested  fat,  it  is  properly  studied^ 
at  (he  same  time  with  the  ]ym]ib  in  general.  Lymph  may  f)e  obtained' 
from  the  living  animal  by  introducing  a  canula  into  the  thoracic  ductj 
at  the  root  of  the  neck,  or  into  the  lymphatic  trunks  in  other  regiona.] 
It  was  collected  by  Rees  from  the  lacteals  of  the  mesentery  and  from 
the  lymphatics  of  the  lep  in  the  ass,  liy  Colin  from  the  lacteals  andi 
thoracic  duct  of  the  ox,  and  from  the  lymphatics  of  the  neck  in  the 
horse.  We  have  obtained  it  from  the  thoracic  duct  in  both  the  dog 
and  the  goat. 

Phiffiicnl  Characters  and  Cowjtosifion  of  Lymph. — The  lymph,  ai] 
obtained  from  the  thoracic  duct  in  the  intervals  of  digestion,  is  an 
opalescent  or  nearly  transparent,  alkaline  fluid,  usually  of  a  light  amber] 
color,  and  having  a  specitic  gravity  of  102:2.  Its  analysis  shows  a  close j 
resemblance  in  composition  with  the  plusma  of  the  blood.  It  contains 
water,  fibrinogen,  albumen,  fatty  matters,  and  the  usual  saline  aub-j 
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Stances  of  thr  nnirnal  fluids.  It  is,  however,  poorer  iti  albuminous 
ingredicuts  thuu  tlic  hluud.  The  following  in  an  analvisis,  by  Lassiiigae,* 
of  the  fluid  obtained  from  the  thoracic  duct  of  the  cow : 

Composition  ok  the  Lympr. 

Water t)64.0 

Fibrine U.J> 

Albumen 28.0 

Fat IK4 

Sodium  chloride B.O 

Sodium  carltoaute  | 

tkKlium  phosphate  > 1.2 

Sodium  siilphut43      ) 

Lime  pfao»piiat«          .        .                        ....  0.5 

1000.0 

Owing  to  the  presence  of  fibrinojLren,  the  lymph  coacrulate.s  like  blood, 
within  a  few  moments  after  its  removal  from  the  lymphatic  vessels, 
forniinjir  a  g:elatinous  mass,  more  or  less  colorless  and  transparent,  or 
whitish  and  optujue,  according  to  the  proportion  of  fatty  matter  present. 
After  coa^fulution,  it  separates  into  a  liquid  serum  and  a  solid  clot. 

In  lymph  from  tln"  thoracic  duct,  the  clot,  within  a  few  moments 
after  coagulation,  usuail}'  a.ssumes  a  pinkish  color,  and  on  microscopic 
examination  is  found  to  contain  a  few  red  blood-globules.  Their  pres- 
ence in  attributed  by  some  ob.»*ervers  (Kolltker,  Uobin)  to  the  accidcutal 
rupture  of  capillary  bluod-vessels  and  consequuiit  introduction  of  their 
contents  into  the  lymphatic  system  ;  but  their  occurrence  is  so  constant 
that  it  must  be  doubted  whethtT  they  are  altogether  of  accidental  origin. 
The  pinkish  color  is  never  perceptible  \u  lymph  when  first  drawn  from 
the  vessels,  but  only  after  it  ha.s  bct-n  a  short  time  exposed  to  the  air. 

The  fluid  drawn  from  the  thoracic  duct,  especially  in  carnivorous 
animals,  varies,  both  in  np|iearnnce  and  constitution,  at  different  tiroes. 
In  the  ruminating  and  graniinivorous  animals,  as  the  sheep,  ox,  goat, 
and  horse,  it  is  either  opalescent,  with  a  slight  aml>er  tinge,  or  nearly 
trans{)arent  and  colorless.  In  the  dog  and  cat,  it  is  also  opaline  and 
amber  colored  in  the  intervals  of  digestion,  but  soon  after  feeding 
becomes  of  a  dense,  milky  white,  and  eoniiuues  to  present  that  appear- 
ance until  digestion  and  absor]>tion  are  complete.  It  then  regains  its 
original  aspect,  and  remains  opalini*  until  digestion  is  again  in  progress. 

This  variation  is  due  to  the  ahsor[)tion  of  fatty  matters  during 
digestion.  The  chyle  is  richer  than  lymph  in  nearly  all  its  solid  in- 
gredients, but  the  princijial  diflTennce  between  the  two  consists  in  the 
portion  of  fat,  which  is  nearly  absent  from  the  transparent  or 
ine  lymph,  but  abundant  in  the  white  and  opaque  chyle.  This 
is  shown  in  the  following  analysis,  by  Rees.f  of  lymph  and  chyle, 

^P     *  In  CqUii,  PhysioJogie  compart  des  Ammaux  dome^ique».    Parij),  18dC,  tome 
™^K.,  p.  111. 

+  London  Medical  Gazette.    London,  1&41,  vol.  i.,  p.  647. 
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taken  respectively  from  the  lacteals  of  the  abdomen  and  the  lympha-*^'** 
of  the  bind  leg,  in  the  ass. 

COMPABATIVK  AWAtTSIS   OP   LtMPH    ASt>   GltTLK. 

Lymph.  ChyICk 

Wat«r 1)65.86  902.87 

Anuiinen 12.00  35.16 

Fi  brine 1.20  8.70 

Spirit  extract  2.40  3.32 

Water  extract 1S.19  12.8S 

Fat traces  80.01 

Saline  raatt«r 5.85  7.11 

1000.00  1000.00 


When  a  canula,  accordingly,  is  introduced  into  the  thoracic  duct  at 
different  periods  after  feeding-,  the  fluid  dischar^rcd  varies  considerably, 
both  in  appearance  and  quantity.  In  the  dog-,  it  is  never  quite  trans* 
parent,  but  retains  a  marked  opaline  tinge  even  so  late  ns  eighteen 
hours  after  ffedling:  on  lean  meat,  and  at  least  three  days  and  a  half 
after  the  introduction  of  fat  food.  Soon  after  feeding,  it  becomes 
whitish  and  opaque,  and  so  remains  during  the  continuance  of  diges- 
tion and  absorption.  After  this  it  resumes  its  former  apiK?arance, 
becoming  light  colored  and  opalescent  in  the  carnivorous  animals,  and 
nearly  transparent  in  the  herbivora. 

The  Lymph  Ohbules. — The  lymph  nearly  always  contains  rounded, 
transparent,  or  finely  granular  nucleated  cells,  from  G  to  12  mmm.  in 
diameter,  similar  in  appearance  to  the  white  globules  of  the  blood, 
and  known  as  "lymph-globale.s."  According  to  Kolliker  they  vary 
much,  both  in  number  and  size,  according  to  the  part  of  the  lymphatic 
system  firom  which  the  fluid  is  taken.  In  the  smallest  lymphatic  ves- 
Beh  of  the  mesentery,  they  are  scanty  or  altogether  absent;  and  in 
the  lymphatics,  where  they  first  show  themselves,  they  are  few  in 
number  and  of  email  .size.  But  after  the  lymph  has  traversed  one  or 
two  ranges  of  lymphatic  glands,  the  globules  are  more  numerous  and 
larger,  often  attaining  the  size  of  12  mmm.  in  diameter.  From  this 
circumstance,  as  well  as  from  the  microscopic  texture  of  the  lymph- 
atic glands,  it  is  concluded  that  the  lymph-globules  originate,  in  great 
part,  in  the  interior  of  the  glands,  and  that  they  are  brought  thence 
by  the  current  traversing  the  Ijiuph-paths  in  the  substance  of  these 
organs. 

Movement  of  the  Lymph  in  the  Lymphatic  Vessels. — The  move- 
ment of  the  fluid  in  the  lymphatic  system  differs  from  that  of  the 
blood,  in  the  important  particular  that  its  course  is  always  in  one 
direction,  namely,  from  the  periphery  toward  the  centre.  It  is  ab- 
sorbed by  the  lymphatic  capillaries,  collected  into  the  lymphatic 
branches  aud  trunks,  and  tbcnce  conducted  to  the  great  veins  near 
the  right  side  of  the  heart. 
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The  o&ase  of  this  centripetd]  movement  of  tlu-  lywpb  is  primarily 

&  force  of  endosmosis  actinji:  at  tbf  confines  of  the  lyiupbatiu  t»yst«m. 

the  voluuie  of  Buid  accumulates  in  an  endnsnionit'ter,  the  ingre- 

ent^   of   the    lymph    penetrate    by   absorptioin    into    the    lyniplmtic 

*^*pillaries,  and  thence  into  the  larger  vessels  of  the  sysfem.     It  ia 

deul  that  the  pressure  of  a  fluid  from  endosiuotic  action  may  be 

^^Tv  considerable,  since  it  e«n  eustain  a  column  of  mercury  at  the 

^€»i)fht  of  600  millimetres,  and  may  burst  the  shell  membrane  of  a 

fowl'B  egg  placed  in  contact  with  water.     As  this  pressure,  in  the 

lymphatic  system,  is  always  from  without  inward,  aTjd  as  the  main 

lymphatic  trunks  terminate  in  the  veins,  the  result  is  a  uniform  move- 

oipnt  of  the  lymph,  from  tlie  peripheral  parts  toward  the  centre  of  the 

circulation. 

As  the  lymphatic  vessels,  like  the  veins,  are  provided  with  valves, 
opening-  toward  the  centre  and  closing  toward  the  periphery,  the  con- 
truction  and  relaxation  of  the  voluntary  muscles  in  the  limbs  and 
trunk  must  facilitate  the  passage  of  the  fluids  in  an  inward  direction. 
The  pulsations  of  the  heart  and  aorta  also  contribute  to  this  result, 
As  the  thoracic  duct  passes  obliquely  throug-h  the  chest,  between  the 
spinal  column  and  the  aorta,  at  each  aortic  pulsation  it  is  compressed, 
and  its  contents  propelled  upward.  This  effect  is  often  visible  in  the 
crperiment  of  collecting  lymph  from  the  thoracic  duct  at  the  root  of 
wUnt  neck;  the  lymph  being  often  projected  from  the  extremity  of  the 
^■M^ula  in  a  distinct  jet  at  each  cardiac  pulsation 

^^ft  Lastly,  the  respiratory  movements  of  the  chest  take  part  in  main- 
Hkuing  the  flow  of  lymph.  At  each  inspiration  the  resistance  in  the 
thorax  is  diminished,  and  the  lymph  passes  more  readily  from  below 
into  the  thoracic  duct;  at  each  expiration  the  duct  is  subjected  to  com- 
pression and  thus  emptied  toward  the  veins.  When  artificial  respira- 
tion ia  kept  up  through  the  trachea  after  the  chest  has  l)een  opened, 
the  influence  of  the  respiratory  movement  is  reversed.  The  flow  of 
lymph  from  the  thoracic  duct  is  then  perceptibly  increased  at  each 
insufflation  of  the  lung,  since  this  produces  a  momentary  pressure 
within  the  chest. 

Of  the  forces  above  enumerated  for  the  production  of  the  lymph- 
current,  the  most  important  and  continuous  ia  endosmotic  action.  The 
remainder  are  nuire  ur  less  irre^rular  or  intermittent,  but  they  con- 
tribute by  mechanical  aids  to  the  same  result ;  and  the  efTect  of  the 
whole  is  an  incessant  transportation  of  the  lymph  from  the  periphery 
to  the  centre,  where  it  is  mingled  with  the  returning  current  of  venous 
blood- 

Daily  Quantity  of  the  Lymph  and  Chyle. — The  quantity  of  fluid 
passing  through  the  thoracic  duct  varies  according  to  the  condition  of 
abstinence  or  digestion.  In  the  fasting  condition  it  is  comparatively 
moderate,  but  becomes  more  abundant  soon  after  the  commencement 
of  diirestion,  to  diminish  again  during  its  later  stages.  We  have  found, 
at  various  periods  after  feeding,  in  the  dog,  the  following  quantities 
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diecharg'ed  from  the  thoracic  duct  per  hour,  for  every  thousand 
of  bodily  wei/arht : 

Hourly  Qtantitie*  uf  Ltmph  and  Chyus  ra  tub  I>o«t 

PKiC  TUODSAKD  FARTS  OK  BODILY   WBIOBT. 

8i  hoars  afW  fe«dii^ 2.45 


It  would  thus  appear  thnt  the  hourly  quantity  of  these  fluids,  after 
increasingr  with  digestion  an  J  diiniiiijshing   during  its  latter   stages,] 
a^-ain  increases  somewhat  aliout  the  ei;irhteenth  hour.     It  isproiml>lel 
that  this  double  increase  is  owing  to  two  causes.     The  fluid  obiaiuedi 
in  greatest  abundance  in  the  dog,  from  8  to  1  hours  after  fcedioi^ 
is  white  and   very  opatjue,  and   its   quantity  is  largely  due  to  th«| 
admixture  of  chyle  absorbed  from  the  intestine.    That  drawn  aboutj 
the  eighteenth  hour  is  opaline,  or  nearly  transparent,  and  consists  of 
IjTnph  alone.     The  absorption  of  chyle,  therefore,  takes  place  while) 
digestion  is  in  progress;  bat  the  production  of  lymph  occurs  mosti 
abundantly  some  hours  later,  after  the  materials  of  nutrition  bare 
reached  and  permeated  the  tissues. 

The  daily  quantity  of  lymph  and  chyle  has  been  found,  by  direct 
observation,  much  larger  than  would  be  anticipated.  In  two  ex]»eri-^ 
ments  on  the  hor.'^e,  extending  OA*er  a  period  of  twelve  hours  each, 
Colin*  obtained  from  the  thoracic  duct,  on  the  average,  893  grammesj 
of  fluid  j>er  hour,  which,  if  continued  for  the  remaining  twelve  houra^j 
would  amount  to  rather  more  than  20  kilogrammes  per  day.  In  tl 
ruminating  animals,  according  to  the  same  observer,  the  quantity  Isj 
still  greater.  In  a  cow  of  ordinary  size,  the  smallest  amount  obtained,] 
in  an  experiment  extending  over  twelve  hours,  was  C26  grammes  in] 
fifteen  minutes;  that  is,  2500  granjmes  per  hour,  or  f>0  kilogrammeftj 
per  day.  In  another  exjierinient  with  a  young  bull  weighing  185] 
kilogrammes,  he  withdrew  from  the  thoracic  duct  in  twenty-four  hours,,] 
15  kilogrammes  of  lymph  and  chyle,  representing  a  little  more  than] 
8  per  cent,  of  the  entire  bodily  weight. 

We  have  olitained  sinjilar  results  in  the  dog  and  the  goat.     In  ftl 
young  kid  weighing  ti.SG  kilogrammes,  122. .5  grammes  of  lymph  wei 
collected  from  the  thoracic  duct  in  three  hdurs  and  a  half.     This  rep- 
resents 35  grammes  per  hour,  and,  if  continued  throughout  the  day,, 
would  amount  to  640  grammes,  or  fully  10  per  cent,  of  the  bodilj 
weight.     In  the  dog  the  fluids  from  the  thoracic  duct  were  less  abon-l 
dant;  the  total  daily  quantity  in  this  animal,  according  to  the  averag*) 
of  observations  at  various  periods  after  feeding,  being  very  nearly 
four  and  a  half  per  cent,  of  the  bodily  weight.     This  is  sabetan* 


*  Pbyaiologie  oorapnr^e  dea  Animaux  doinestiques.    Paris,  1856,  tome  U.,  p.  lOtfk 
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tiolly  the  same  result  as  that  obtained  by  Colin  in  the  horse;  aud 
for  a  man  weighing  H5  kilogrammes,  it  would  be  equivalent  to  about 
3000  grammes  of  lymph  and  chyle  per  day.  This  repres^onts  both  the 
products  of  lymphatic  transudation  and  those  of  intestinal  absorption. 
An  estimate  of  the  lymph  alone  must  be  based  upon  the  quantity  of 
fluids  passing:  through  the  thoracic  duct  in  tlie  intervals  of  digestion, 
wben  no  chyle  is  absorbed  from  the  intestine.  In  the  dog,  the  aver- 
age quantity  obtained,  from  the  thirt-eenth  to  the  nineteenth  hour 
after  feeding,  was  about  1.30  per  thousand  parts  of  the  bodily  weight; 
or,  for  the  whole  twenty-four  hours,  a  little  over  3  per  cent,  of  the 
bodily  weight.  For  a  man  of  medium  size,  this  would  give  not  far 
from  2000  grnmmes  as  tho  average  daily  quantity  of  lymph  alone. 

Iniernnl  Renovation  of  the  Animal  Fiuiih. — The  combined  opera- 
tion of  secretion,  transudation,  and  reabsorption  produces  a  continual 
interchange  of  the  animal  fluids,  which  is  dependent  for  its  materials 
upon  the  blood,  and  which  may  be  considered  as  a  kind  of  secondary 
circulation  through  the  subfstance  of  the  tissues.  All  the  Quids  dis- 
charged into  the  small  intestine  are  reabsorbed  and  again  enter  the 
current  of  the  circulation.  They  pass  and  repass  through  the  mucous 
membrane  of  the  alimentary  canal  and  adjacent  glands,  becoming  more 
or  leas  altered,  but  still  serving  to  renovate  alternately  the  blood  and 
the  secretions.  The  elements  of  the  blood  transude  in  part  from  the 
capillary  vessels,  and  are  taken  up  from  the  tissues  by  the  lymphatics, 
to  be  again  restored  to  the  circulation  at  its  venous  extremity. 

The  quantity  of  fluids  thus  transuded  and  reabsorbed  will  serve  to 
indicate  the  activity  of  eudosmosis  and  exosmosis  in  the  living  body. 
In  the  following  table,  the  amounts  are  estimated,  from  the  preceding 
data,  for  a  man  of  average  size : 


Plcidb  Tkansitdbd  akd  Rbjlbsorbeo  DtnaixG  TwBNTT-Fora  Hofm. 


Saliva 

Gastric  juice     . 

Pancreatic  juice 

Bile 

Lymph 


1280  grammes. 

8000         '* 
8(H>  •* 

2000         " 
80i0         " 


Not  less  than  8000  grammes  therefore  of  the  animal  fluids,  a  quantity 
equal  to  that  of  the  entire  blood  and  amounting  to  more  than  12  per 
cent,  of  the  bodily  weight,  transude  through  the  membranes  and  are 
restored  to  the  blood  by  reabsorption,  in  the  course  of  a  day.  By  this 
process  the  natural  constitution  of  the  parts,  though  constantly  changing, 
is  maintained  in  its  normal  condition,  through  the  movement  and  reno- 
vation of  the  circulating  fluids. 


CHAPTER  VIII. 
THE    VRINE. 

THE  urine  is  distinguished  from  other  animal  fluids  by  the  foct 
that  it  represents  the  product  of  physiological  disintegration.  The 
various  manifestations  of  force  in  the  living  body,  such  as  heat,  sen* 
8ibility,  and  motion,  are  produced  at  the  expense  of  its  materials,  by 
their  metamorphosis  in  the  process  of  nutrition.  The  transformation 
and  renewal  of  its  constituents  are  accordingly  essential  conditions  of 
its  vital  activity.  Every  living  being  absorbs  from  without  nutritive 
materials,  which  are  modified  by  assimilation  and  converted  into  the 
ingredients  of  its  tissues ;  and  at  the  same  time  its  elements  pass  into 
new  forms  of  combination,  to  be  expelled  as  the  products  of  disinte- 
gration. 

Certain  substances,  therefore,  arc  constantly  making  their  appearance 
in  the  body,  which  were  not  introduced  with  the  food,  but  which  have 
been  produced  by  retrograde  metamorphosis.  They  are  derived  from 
materials  which  once  formed  part  of  the  animal  tissues,  but  which  have 
become  altered  by  internal  transformation,  and  are  no  longer  capable  of 
aiding  in  the  performance  of  the  functions.  The  elimination  and  re- 
moval of  these  materials  is  the  process  of  excretion,  and  the  materials 
themselves  are  known  as  excrementitious  substances. 

The  excremcntitious  substances  are  formed  for  the  most  part  in  the 
tissues,  from  which  they  are  absorbed  by  the  blood  and  conveyed  to 
excretory  organs  by  which  they  arc  discharged.  If  their  elimination 
be  impeded,  their  accumulation  in  the  system  produces  a  disturbance, 
which  is  more  or  less  severe  according  to  their  special  character  and 
the  rapidity  of  their  production.  This  disturbing  influence  is  especially 
manifested  in  its  action  upon  the  nervous  system,  causing  abnormal 
irritability,  derangement  of  the  senses,  and,  in  extreme  cases,  delirium, 
insensibility,  and  death. 

In  the  normal  condition  and  in  normal  quantities,  the  excremcnti- 
tious matters  are  not  poisonous,  nor  even  deleterious;  they  are  the 
natural  products  of  functional  activity,  and  therefore  as  essential  to 
the  manifestation  of  life  as  the  nutritious  material  supplied  by  the 
food.  It  is  only  when  their  elimination  is  retarded  that  they  interfere 
with  the  performance  of  the  functions,  by  deranging  the  constitution 
of  the  tissues. 

Some  of  the  excremcntitious  matters  produced  in  the  body  are  prob- 
ably eliminated,  in  small  proportion,  with  the  perspiration  or  the  feces; 
and  carbonic  acid  is  abundantly  exhaled  from  the  lungs.     But  among 
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ie  most  important  of  thesp  substances  are  those  which  contain  nitrop'tn. 
This  element  iudicates  their  derivation  from  the  alburaeuoid  iuj^redienta 
of  the  body,  and  they  present  in  other  respects  a  mutual  analogy  in 
chemical  properties  and  composition.  They  occordinply  form  a  group 
of  organic  substances,  resembling  each  other  in  origin,  constitution, 
and  physiological  destination.  They  are  eliminated  from  the  body  by 
the  urine,  of  which  they  form  the  characteristic  ingredients. 

The  urine  is  therefore  solely  an  excretion.  It  is  a  solution  of  the 
nitrogenous  excrementitious  matters  of  the  body;  and  by  its  abundance 
and  composition  it  iudicates  the  activity  of  metamorphosis  in  the  nitro- 
genous ingredients  of  the  tissues  and  fluids.  It  also  contains  most  of 
the  mineral  salts  discharged  from  the  body;  and  by  the  water  which 
holds  these  matters  in  solution  it  represents  a  large  proportion  of  the 
fluids  passinir  through  the  system.  Furthermore,  accidental  or  abnor- 
mal ingredients,  introduced  into  the  blood,  are  usually  eliminated  by 
this  channel,  and  appear  as  temporary  ingredients  of  the  urine.  The 
constitution  and  variations  of  the  urine  during  health,  and  its  altera- 
tion in  disease,  are  regulated  by  the  corresponding  changes  of  nutrition 
La  the  liody  at  large.  It  is  therefore  one  of  the  most  essential  products 
of  the  animal  system,  and  its  formation  is  second  in  importance  only  to 
the  function  of  respiration. 

Physical  Properties  of  the  Urine. 

The  urine  is  a  clear,  amber-colored  fluid,  of  a  watery  consistency 
and  distinctly  acid  reaction.  It  is  usually  so  nearly  transparent,  that 
no  turbidity  is  perceptible  by  ordinary  diffused  light.  It  contains, 
however,  a  small  quantity  of  mucus  from  the  urinary  bladder,  which 
becomes  visible  as  a  faint  opalescence  when  a  sunbeam  is  made  to  pass 
through  it  in  a  lateral  direction.  After  remaining  for  some  hours  at 
rest  in  a  cylindrical  vessel,  the  mucus  subsides,  forming  a  light  cloud 
at  the  bottom  and  leaving  the  supernatant  fluid  dear.  The  avfrage 
specific  gravity  of  healthy  urinr,  in  the  adult,  is  from  1020  to  1025; 
and  its  daily  quantity  about  1200  cubic  centimetres. 

Variations  in  Quantity,  Aridity,  and  Specific  Qravity. — The  urine 
\»  habitually  discharged  from  the  bladder  five  or  si.\  times  in  the  tw^enty- 
four  hours,  each  specimen  showing  more  or  less  variation  Ln  its  physical 
properties.  This  depends  on  the  changing  conditions  of  the  body,  as 
to  rest,  exercise,  food,  drink,  sleep,  and  wakefulness.  In  the  same 
person,  leading  a  uniform  mode  of  life,  the  diurnal  variations  of  the 
urine  follow  each  other  with  considorable  regularity ;  though  they  may 
not  be  altogether  the  same  in  different  individuals.  As  a  rule,  the 
urine  which  collects  during  the  night  and  is  first  discharged  in  the 
morning  is  strongly  colored,  of  high  specific  gravity,  with  a  very  dis- 
tinct acid  reaction.  During  the  forenoon  it  is  pale  and  of  diminished 
density  ;  its  specific  gravity  often  falling  so  low  as  1018  or  1015.  At 
the  same  time,  its  acidity  diminishes  or  disappears;  so  that  it  may  be 
either  faintly  acid,  neutral,  or  slightly  alkaline.     Its  density  and  depth 
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of  color  then  increase,  and  its  acidity  returns;  all  these  propertka 
Ijecominif  more  strongly  marked  during  the  afternoon  and  evening. 
Toward  night  it  is  again  deeply  colorpd  and  strongly  acid,  and  itst 
specific  gravity  often  1028  or  1030. 

These  variations  are  liable  to  modification  from  temporary  eaus!e>. 
The  color,  acidity,  and  specific  gravity  of  the  urine  may  be  diminished 
at  any  time  by  large  draughts  of  liquid  or  the  use  of  diuretic  mineral 
waters ;  or  they  may  be  increased  by  abstinence  from  drink  or  by 
copious  perspiration.  Its  acidity  is  also  liable  to  vary  from  the  usej 
of  food,  such  as  summer  fruits  or  vegetables,  containing  salts  of  the 
organic  acids,  namely,  lactates,  acetates,  malates,  and  tartratea.  Thoflei 
salts,  when  introduced  into  the  system,  are  replaced  by  corljonntes  of 
the  same  bases  and  appear  under  that  form  in  the  urine,  reducing  for 
the  time  its  acidity,  or  even  causing  its  alkalescence. 

It  is  evident,  therefore,  that  when  the  specific  gravity  and  acidity 
of  the  urine  are  to  be  tested,  it  will  not  be  sufficient  to  rely  upon  the 
examination  of  a  single  specimen.  Its  normal  variation  in  specific 
gravity  may  reach  the  limits  of  1015  as  a  minimum  and  1030  as  a 
maximum  j  but  either  of  these  would  be  unnatural  if  continued  for 
twenty-four  hours.  All  the  specimens  of  urine  passeil  during  the  day 
should  therefore  be  collected  and  examined  together.  The  mean  specific 
gravity  thu.*^  obtained  will  represent  its  normal  daily  density. 

Its  daily  volume  is  also  to  be  taken  into  account.     The  total  amoaoll 
of  Bolids  dischargpd  by  the  urine  in  health  is  from  50  to  GO  grammes  j 
per  day;  and  this  quantity  is  dissolved  in  about  1200  cubic  centimetres 
of  water.    This  gives  an  average  daily  quantity  and  an  average  specific! 
gravity  of  the  urine,  as  the  measure  of  the  excretory  process  during 
twenty-four  hours. 

Both  the  quantity  of  the  urine  and  its  mean  specific  gravity  ore 
liable  to  vary  in  the  same  individual  from  day  to  day  ;  but  when  this 
is  due  to  physiological  or  temporary  (iauses,  the  variations  of  quantity  I 
and  specific  gravity  are  in  inverse  ratio  to  each  other.     TJsually  the ! 
water  of  the  urine  is  mure  than  sufficient  to  hold  all  its  solid  matters! 
in  solution ;   and   its  proportion  may  therefore  be  lessened   withoot 
the  production  of  turbidity  or  the  formation  of  a  deposit,  the  urine 
merely  becoming  dee|>er  in  color,  and  of  higher  specific  grarity.     If 
the  quantity  of  drink  be  diminished,  or  if  the  exhalation  front  the 
lungs  and  skin,  or  the  intestinal  discharges,  be  increased,  a  smaller 
quantity  of  water  will  pass  oflf  by  the  kidneys;  and  the  urine  will  Ih.» 
diminished  in  quantity,  while  its  specific  gravity  ie  increased.     The 
urine  is  sometimes  reduced  in  this  way  to  500  or  600  cubic  centi- 
metres per  day,  its  mean  specific  gravity  rising  at  the  same  time  to 
1030.     On  the  other  hand,  if  the  fluid  ingesta  be  unusually  abundant, 
or  if  the  perspiration  be  diminished,  the  surplus  water  will  pass  off  byj 
the  kidneys;  the  amount  of  urine  in  twenty-four  hours  being  increased' 
to  1500  or  ICOO  cubic  centimetres,  and  its  mean  specific  gravity  reduced 
to  1020  or  1015.     These  changes  depend  simply  on  the  fluctuating 
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quAntity  of  water  in  the  urine ;  its  total  amount  of  solid  matter  re- 
mainiiig  about  the  sanu-.  If,  however,  both  its  quantity  and  mean 
specific  gravity  be  iucreatjed  or  diniinisbi^d  at  the  same  time,  or  if  either 
one  be  increased  or  dimioished  whilo  the  other  remains  titationary, 
this  would  show  aa  actual  change  in  the  amount  of  Bolid  ingrediente, 
and  cousequently  au  abuormal  coudition. 

Ingredients  of  the  Urine. 

The  chemical  composition  of  the  urine,  as  derived  from  numerous 
aoalvseij..  is  a^  follows : 


Nitrogenous 

organic 
8ub<»tauctts, 


Composition  of  Tire  Ubiwe. 

Water 

P50.00 

Trea 

•2(5,20 

Creatinine      .... 

0.87 

Sodium  and  potassium  urates 

1.4fi 

Sodium  and  pot.'issium  hipparates 

0.70 

SfHliiim  bjpliosipliute 

0.40 

.Sodium  and  potiie>siiiiii  |ihosphates 

8,36 

Lime  u(ul  inug(ie<!iiuiii  phosphates 

0.83 

Sodium  und  potassium  ciilorides 

1:2.55 

Sodium  anil  potassium  snlpliatea 

HMO 

MacQD  and  coloring  matter    . 

0.35 

Mineral  salt«. 


1000.00 

Urea. — ^This  Is  the  most  important  constituent  of  the  urine,  both  in 
character  and  amount,  forming  more  than  one-half  its  solid  injrrredients, 
and  over  80  per  cent,  of  all  tho.*e  of  an  organic  nature.  The  must 
importaot  fact  knowu  with  re^jard  to  the  origiu  of  urea  is,  that  it  is 
not  formed  in  the  kidneys,  but  pre-exists  in  the  blood  and  is  drained 
away  from  the  circulating  fiuid  during  its  passage  through  the  renal 
vessels.  It  has  been  found  in  thp  lilood  of  the  human  subject  in  cases 
of  renal  disease,  in  so  large  a  proportion  a,s  1.5  parts  per  thousand,* 
or  nearly  ten  times  its  normal  quantity. 

Urea  is  most  readily  obtained  from  urine  by  first  converting  it  into 
a  nitrate.  For  this  purpose  the  fre.^li  urine  is  evaporated  over  the 
water-bath  to  one-quarter  of  its  original  volume.  It  is  then  filtered, 
and  the  filtered  fluid  inLxed  with  an  equal  quantity  of  nitric  acid.  The 
nitrate  of  urea  thus  produced,  being  less  soluble  than  urea,  is  deposited 
in  abundant  crystalline  scales.  The  deposit  is  separated  by  filtration 
from  the  mother  liquor,  mixed  with  water,  and  decom|)osed  by  the 
addition  of  barium  carbonate,  which  sets  free  the  urea,  with  the  fornm- 
tion  of  barium  nitrate.  This  process  is  continued  so  long  as  carbonic 
acid  is  given  olf ;  after  which  the  whole  is  evaporated  to  dryness,  and 
the  dry  residue  extracted  with  absolute  alcohol,  which  dissolves  the 


•  In  Milne  Edwards,  Lemons  sur  la  Physiologic.    Paris,  1&57,  tome  i.,  p.  298. 
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urea.  The  alcoholic  solution  is  then  filtered  and  evaporated  until  the 
urea  separates  in  a  crystalline  form.* 

The  quantity  of  urea  in  a  given  volume  of  urine  is  ascertained  by 
decomposing  it,  according  to  Davy's  method,  with  a  solution  of  sodium 
hypochlorite.  A  narrow  graduated  glass  tube,  open  at  one  extremity, 
with  a  capacity  of  about  50  cubic  centimetres,  is  filled  to  a  little  more 
than  one-third  its  height  with  mercury,  upon  which  are  poured  3  or  4 
cubic  centimetres  of  the  urine  to  be  examined.  The  remainder  of  the 
tube  is  then  filled  with  the  sodium  hypochlorite  solution,  its  mouth 
closed,  the  fluids  well  mixed  by  agitation,  and  the  tube  inverted  in 
a  shallow  dish  filled  with  a  saturated  solution  of  sodium  chloride. 
The  mixture  of  urine  and  hypochlorite  solution  remains  in  the  tube; 
and  as  the  urea  is  decomposed,  its  nitrogen  collects  in  the  upper  end  of 
the  tube,  where  its  volume  may  be  read  off  on  the  scale,  after  the  action 
has  ceased.  Every  cubic  centimetre  of  nitrogen,  thus  disengaged,  rep- 
resents 2.5  milligrammes  of  urea. 

The  results  obtained  by  nearly  all  experimenters  led  to  the  conclu- 
sion that  the  quantity  of  urea  excreted  is  especially  increased  by  inu«- 
eular  exertion,  until  a  doubt  was  thrown  on  this  point  by  Pick  and 
Wislicenus  in  1866.  These  observers  ascended  a  mountain  on  foot,  the 
ascent  occupying  a  little  over  eight  hours ;  during  which  time,  and  for 
seventeen  hours  beforehand,  they  confined  themselves  to  a  diet  of  non- 
nitrogenous  food.  They  found  the  hourly  amount  of  urea  discharged 
less  during  the  ascent  than  it  was  before ;  but  it  increased  during  the 
following  night,  after  a  meal  of  animal  food. 

Subsequent  observers  have  obtained  various  results.  Parkes.f  in  a 
series  of  extended  observations,  found  that  the  discharge  of  urea  was 
increased  not  during,  but  after,  a  period  of  muscular  work.  This  was 
shown  even  in  a  man  confined  for  five  days  to  a  non-nitrogenous  diet, 
in  whom  the  discharge  of  urea  was  not  increased  on  the  day  of  unusual 
muscular  effort,  but  on  the  following  day  was  a  little  more  than  doubled. 

The  observations  of  Flint,  |  in  the  case  of  the  pedestrian  Weston, 
have  the  advantage  of  extending  over  comparatively  long  periods,  both 
of  exercise  and  rest,  the  diet  remaining  unchanged  in  general  character. 

The  pedestrian  was  under  observation  for  fifteen  days ;  namely,  five 
days  previous  to  the  walk,  five  days  during  its  continuance,  and  five 
days  immediately  afterward.  For  the  period  preceding  the  walk,  the 
average  exercise  was  about  eight  miles  per  day ;  during  the  walk  it 
was  nearly  sixty-four  miles  per  day,  and  for  the  subsequent  period  a 
little  over  two  miles  per  day.  The  results  obtained  represent  accord- 
ingly the  amount  of  urea  excreted  under  ordinary  conditions,  that  dis- 
charged during  unusual  muscular  exertion,  and  the  subsequent  effects 
of  the  exertion  on  the  general  system. 

*  Hoppe-Seyler,   Ilandbiich   der  Physiologisch-  und   PatliologiBch-Chemischen 
Analyse.    Berlin,  1870,  p.  120. 
t  Proceedings  of  the  Royal  Society  of  London,  vol.  xvi,,  p.  48,  and  March  2, 1871. 
X  New  York  Medical  Journal,  June,  1871. 
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The  nitrogcnoufi  ingredientfl  of  the  food,  during  all  thrre  periods, 
were  also  recorded,  no  that  their  inflaence  could  ho  estinialcd  at  the 
same  time  with  that  of  the  rnuacular  exertion. 

The  following  table  g-ives  the  main  result  of  the^se  experiments,  ns 
conntw-ted  with  the  present  subject : 


Dally  QtuuiUty  of 


Urea       ..... 
Nitrogen  in  ftnxl 
Xitrogen  in  urea    . 
Toliit  nitrogen  in  urea  and  feceo 
Niln>gen  in  nreti  and  fccep  y»er 
100  parts  of  nitrogen  in  f<tod 


Pint  Period. 

Five  days 

before  Uie  w&lk. 

028.24  grains 

339,4«       '• 
293.18       " 

aiR.on     " 

93.82 


Second  Period. 

Five  days 
during  tbc  walk. 


72i2.16  frrains. 
234.76       *' 
337.01 
361.63       '' 

163.99 


Third  r-erlod. 

Five  dajTK 
after  the  walk. 


7S6.7«  grains. 
440.03   " 
839.17   " 
378.15   «« 

84.63 


» 


It  JB  evident,  therefore,  that  during  unusual  muBcular  exertion  tbe 
daily  quantity  of  urea  was  increased  by  nearly  fifteen  i>er  cent.,  tbe 
nitrogenous  elements  of  the  food  beinp  at  the  same  time  diminished ; 
and  that  the  total  quantity  of  nitroptjn  discharju^ed  by  the  urea  and  fecf*s 
combined  wa.s  more  than  fifty  yier  cent,  g-reater  than  that  introduced 
with  the  food,  while  in  both  the  previous  and  t^ub&equcnt  period^i  it 
WAS  from  seven  to  fifteen  per  cent.  less.  Five  years  later,  observations 
were  made  on  the  nanie  pedestrian  by  Pavy,*  during  a  aix  dayn'  walk, 
averagiup  76  miles  per  day,  with  similar  rcsultis;  there  being  an 
increased  discharj;e  of  urea,  and  an  increased  climinatiou  of  nitrogen 
not  accounted  for  by  that  taken  with  the  food. 

Creatinine. — This  substance  is  closely  allied  to  urea  in  chemical  com- 
position, but  is  produced  in  much  smaller  quantity  ;  its  total  amount 
not  usually  exceeding  1  graunne  per  day.  It  is  probably,  like  urea,  a 
final  product  of  the  metamorphosis  of  albumeuoid  matters,  but  it  is  no 
doubt  immediately  derived  from  the  creatine  of  muscular  tissue,  from 
which  it  may  be  artificially  }>roduced  by  the  action  of  ht-at  and  dilute 
sulphuric  acid.  But  little  is  known  with  regard  to  the  conditions 
which  increase  or  diminish  its  production  in  the  body. 

Sodium  and  J^ftassium  Urates. — The  uric  acid  of  the  sodium  and 
potAs<«ium  urates  is  a  nitrogenous  organic  acid,  belonging  to  the  class 
of  excrenientitiouB  matters.  Like  urea,  it  is  increased  in  quantity  by  a 
nitrogenous,  and  decreased  by  a  non-nitrogenous  diet ;  but  its  relations 
to  muscular  exercise  and  other  temporary  conditions  are  not  fully 
known.  The  urates  are  readily  soluble  in  water,  and  are  usually  ex- 
tTetefl  to  the  amount  of  about  1.75  granirne  per  day.  The  hippuraJes 
are  similar  in  their  general  physiological  relations  to  the  urates,  except- 
ing that  they  are  more  abundant  under  a  vegetable  diet,  and  disappear 
altogether  under  the  exclusive  use  of  nnimul  food.  In  man,  under  an 
ordinary  mixed  diet,  they  are  about  one-half  as  abundant  as  the  urates. 

Sodium  Biphoi^phnte. — This  is  the  ingredient  which  gives  to  tbo 

♦  Ixmdon  Lancet,  1876.    Vol.  ii.,  p.  848. 
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urinp  itfl  acid  reaction.  It  is  regarded  as  derived  from  the  soditini 
phosphat.p  of  tho  lilood  (NiijH  POJ  by  the  at-tion  of  uric  acid,  which 
unites  with  a  part  of  its  godium,  forming  sodium  urate,  and  le«vin[^  ao 
acid  sodium  phosphate  (NaH,PO«).  The  uric  acid  produced  in  the 
system,  though  not  elimiiiated  in  a  free  form,  causes,  thero'fore,  uidi- 
rectly  the  hvuI  reaction  of  iha  urine;  and  thi.s  reaction  will  vary  \u 
intensity  with  the  amount  of  its  production. 

The  Alkaline  Phospftates,  or  phosphates  of  sodium  and  pota.s6ium. — 
These  phosphates  exist  in  the  hlood  na  wMI  as  in  the  urine,  and  io 
sohition  have  a  mildly  alkaline  reaction.  Owinj?  to  their  ready  sohi- 
hility,  they  never  appear  as  a  precipitate,  nor  disturb  in  any  way  the 
transparency  of  the  urine.  It  ia  as  ii  constituent  of  these  salts  that 
most  of  the  phosphoric  acid  in  comhinntion  is  dischargred  with  the  urine. 
According-  to  Vogel,  its  excretion  is  increased  by  food  containing  sol- 
uble phosphates  or  substances  capable  of  yielding  i»hosphoric  acid  in 
the  system.  It  is  accordingly  more  abundant  under  a  diet  of  animal 
food,  less  so  under  a  vegetable  regimen.  It  is  not,  however,  exclu- 
sively derived  from  the  food,  since  it  is  still  discharged,  though  in  dimio- 
isheii  quantity,  after  ]<mg-continued  abstinence.  Its  immediate  origin 
is,  therefore,  wholly  or  partly  from  the  constituents  of  the  body  itse\t 
The  observations  of  Wood,*  as  well  as  those  of  Vogel,  show  a  diurnal 
variation  of  considerable  regularity  in  the  excretion  of  the  phos])hatir 
salts.  It  m  at  a  minimum  during  the  forenoon,  increases  in  the  latter 
part  of  the  day  after  the  principal  meal,  uiid  reacheh  a  maximuiu  in  the 
evouing  or  during  the  night,  to  diuiiniEfh  again  on  the  morning  of  Ibe 
following  day.  The  average  quantity  of  the  alkaline  phosphates  dis- 
charged under  an  ordinary  diet  is  a  little  over  four  grammes  per  day. 

The  Earthy  Phoaphatea,  or  phosphates  of  lime  and  magDeaia. — Tbej 
earthy  pho.-^jthates  are  usually  excreted  in  much  smaller  quantity  than 
tin*  preceding.  Tiiey  iir<>  held  in  solutiou  by  the  ucid  reaction  of  tjje 
urine,  and  when  this  reaction  is  absent  or  much  diminished  they  ore 
thrown  down  as  a  light  precipitate.  The  neutral  or  faintly  alkaline 
urine,  often  passed  in  the  forenoon,  may  therefore  l>e  turbid  with  a 
deposit  of  earthy  phosphates,  without  indicating  ony  abnormal  increaire 
in  their  n  mount.  According  to  the  observations  of  Wood,  the  alkaline 
and  earthy  phosphates  differ  in  the  conditions  influencing  theif  excre* 
tion.  During  continued  mental  application,  the  alkaline  phosjihates  are 
increased,  while  the  earthy  phosphates  ore  diminished ;  the  amount  of 
both  combined  being  not  materiwlly  altered.  The  average  daily  quan- 
tity of  the  earthy  [diosphates  is  about  one  gramme,  or  rathr-r  b-gs  than 
one-quarter  that  of  the  alkaline  phosphates. 

Sodium  and  Potassium  Chlorides. — Sodium  ehlornie,  which  rep- 
resents nearly  the  whole  of  these  salts,  is  by  far  the  most  abundant 
mineral  ingredient  in  the  urine,  forming  over  one-half  of  ita  inorgauic 
constituents.     It  is  mainly  derived  from  the  food,  and  is  mcreaeed 
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or  diminished  accordlnpr  to  its  amount  in  varions  articles  of  diet.  Its 
dischartre  is  usually  lra«^t  diirinj?  tlir  iiiirb*.  intTeaset?  in  the  foronoon, 
and  is  ;rreatest  durintr  the  latter  part  of  the  day.  According?  to  Vo^el,* 
both  mental  and  bodily  exertion  inrceplibly  augment  its  excretion  ; 
and  even  water,  when  taken  in  unusual  quantity,  by  increasing  the 
activity  of  the  kidneys,  causes  a  more  abundant  discharge  of  sodium 
chloride,  subsequently  followed  by  a  corresponding  diminution.  The 
mverago  amount  of  chlorides  eliminated  with  the  urine  is  about  fifteen 
grammes  per  day. 

Sodium  and  Potasfnum  Sulphates. — The  sulphates  in  the  urine  are 
derived  partly  from  those  introduced  with  the  food.  Their  quantity 
is  increased  by  the  administration  of  sulphuric  acid  or  of  sorltum  sul- 
phate ;  and  the  administration  of  sulphur  or  a  sulphuret  produces  the 
same  effect.  They  are  most  abundant  under  a  diet  of  animal  food, 
owing  to  the  sulphur  coutaiut'd  in  albuminous  matters,  which  is  finally 
eliminated  in  the  form  of  sulphates.  These  salts  are  freely  soluble  and 
never  app«'ar  as  a  precipitate  in  the  urine.  Their  average  quantity  is 
about  3.96  grammes  yer  day, 

Eeactions  of  the  Urine  to  Chemical  Tests. 

The  reactions  of  the  urine  to  various  ordinary  tests  form  a  ready  cri- 
terion for  ascertaining  its  normal  or  abnormal  constitution.  The  exact 
quantitative  determination  of  its  ingredients  requires  the  skill  of  the 
professional  chemist;  but  many  of  its  important  characters  may  be 
recognized  by  simple  means. 

Application  of  Heat. — If  healthy  urine,  of  a  distinctly  acid  reaction, 
be  heated  to  the  boiling  point,  no  change  iu  its  appearance  is  produced ; 
but  if  its  acidity  be  very  slight,  it  may  become  turbid  on  boiling,  from 
a  precipitation  of  earthy  phosphates.  These  phosphates  are  less  soluble 
in  a  hot  than  in  a  cold  liipiid ;  and  a  faintly  acid  reaction,  which  may 
hold  them  in  solution  at  ordinary  U-raiwratures,  Iktouh's  insufficient 
under  the  ai>i»licatinii  of  heat,  and  the  phosphates  are  precipit,ated.  The 
deposit  from  this  cause  is  never  very  abundant,  and  is  at  once  redis- 
solved  by  the  addition  of  any  a^'id  sufficient  to  restore  the  normal  reac- 
tion of  the  urine.  The  precipitation  of  the  earthy  phosphates  by  boiling 
is,  therefore,  due,  not  to  an  increased  quantity  of  tbi'H<>  Ai\\in.  bot  to 
deficient  acidity  of  the  urine. 

Dis*«ased  urine  may  become  turbid  on  l^M^iling,  trum  the  coagula- 
tion of  albumen.  This  h  distinguished  from  a  precipitation  of  the 
earthy  phosphates  t)y  two  facts — namely,  first,  that  it  may  take  place 
in  urine  which  is  distinctly  acid  ;  and  second,  that  the  addition  of  nitric 
acid,  which  redissolvea  the  phosphatic  precipitate,  only  increases  the 
turbidity  due  to  albumen. 

Acidfi, — The  addition  of  mineral  acids  to  healthy  urine  produces  no 
immediate  visible  effect,  beyond  increasing  its  acidity  and  slightly  modi- 
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tying  its  color. 


Fio.  80. 


CuxtrtAi*  ur  Uric  Acid;  deixwlUsd  from  urin 
the  addition  of  uUrie  uM. 


They,  however,  decompose  its  ur&fes ;  and  the  uric  ndd 
thus  set  free  is  slowly  deposited 
in  the  crystalline  form.  If  ni- 
tric or  hydrochloric  acid  h<*  added 
to  fresh  filtered  arine,  in  the  pnv 
portion  of  aboat  2  per  cent  by 
roUiine,  and  the  niixtare  al- 
lowed to  remain  at  rest  for 
twenty-four  hours,  the  i^ide^and 
bottom  uf  the  vessel  become  cov- 
ereti  witli  a  thin  dcjiosit  of  uric 
acid  crystals.  These  crystals 
arc  usually  transparent  rhon)- 
boidal  plates,  with  tlw^ir  obtuse 
angles  rounded  off,  aiul  tinned 
of  a  yellowish  hue  by  the  col- 
oring' matter  of  the  urine.  The? 
«ft*r  are  fretjuenlly  arrang^ed  in  radi- 
ated elusters,  or  sinall  *<j»beroi- 
dal  masses,  which  vary  in  size  and  regularity,  according  to  the  time 
occupied  in  their  formation. 

When  the  urine  is  scanty  and  concentrated,  with  a  specific  iBTavity  of 
1030  or  1035.  hut  without  abnormal  lu^rtHiienta,  if  mixed  with  half  its 
volume  of  nitric  acid  and  exposed  to  a  low  temperature,  it  will  soon 
become  filled  with  an  abundant  crystullizatioa  of  nitrate  of  urea.  lu 
urine  of  this  specific  gravity,  the  water  is  still  sufficient  to  hold  Ihe  urea 
in  solution,  but  allows  a  separation  of  nitrate  of  urea  on  the  addition  of 
nitric  acid.  Thi.>^  never  takes  place  in  urine  of  normal  specific  gravity. 
Altai) es. — The  addition  of  an  alkali  or  alkaline  carbonates  to  normal 
urine  diminishes  its  acid  reaction,  and,  when  the  point  of  saturation  i» 
reaelied,  produces  a  turbidity,  owing  to  precipiUition  of  the  earthy  phos- 
phates. These  are  the  only  ingredients  of  the  urine  liable  to  bf  thrown 
down  by  an  alkali. 

Minernl  Salts. — Solutions  of  barium  chloride,  barium  nitrate,  or  tri- 
basic  lead  acetate,  added  to  henlthy  urine,  derompose  its  sulphates,  pro- 
ducing a  dense  precipitate  of  the  corresponding  metallic  salts..  Solu- 
tions of  silver  nitrate  produc*;  a  precipitate  with  the  sodium  and 
potassium  chlorides,  forming  the  insoluble  silver  chloride.  Tribasic 
lead  aeetate  and  silver  nitrate  also  throw  down  mucus  and  coloring 
matters. 

Abnormal  Ingredients  of  the  Urine. 
The  abnormal  ingredients  which  appear  in  the  urine  are  either :  ist. 
Foreign  substances  aeeidentally  present  in  the  blood  and  eliminated  by 
the  kidneys,  such  as  glucose,  biliary  matters,  medicinal  and  poisonous 
substances;  or  3d.  The  albuminous  constituents  of  the  blood,  discharged 
with  the  urine  owing  to  disturbance  of  the  renal  circulation. 

Olucose. — The  presence  of  glucose  in  the  urine  is  characteristic  of 
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diabetes  mcllitus.  In  this  disease  the  urine  is  generally  increased  in 
quantity  and  of  unusually  bi^h  specific  gravity,  namely,  from  1035  to 
1050.  It  u  of  a  light  straw  color,  imd  80  transpareut  that  it  has  the 
appearance  of  being  dilute,  though 
really  denser  than  usual,  owing  to  the 
glucose  which  it  holds  in  solution.  The 
^lucos*'  may  l>e  deteoti^d  by  Trommer'.s 
or  Fchling's  teat,  or  by  fermentation. 
For  the  latter  purpose  a  little  yeast  is 
uiixed  with  15  or  20  times  its  volume 
of  water,  and  the  mixture  allowed  to 
remain  at  rest  in  an  upright  cylindrical 
vessel  until  the  yeast  globules  have 
•mbsided  to  the  bottom.  The  super- 
tetant  fluid,  containing  the  soluble 
impurities  of  the  yeast,  is  poured  off, 
and  a  small  ({uantity  of  the  moist 
deposit  added  to  the  urine.  The  mi.\- 
ture  is  then  placed  in  a  ferment-appa- 
ratus and  kept  at  a  temperature  of 
about  25^  C,  for  forty-<?ight  hours, 
when  the  gaseous  products  of  fermen- 
tation will  have  been  completely  dis.- 
engaged.  The  most  convenient  form 
of  apparatus  is  a  graduated  test-tube,    FKKMKST-AppiiiAtij,  cunuuuix.g  aaoci.u- 

.,,  .;         ,  ..1       .1         rlne  uriu«  id   rcriueDUtiuD.  — a.   Uppi-r 

aupportea  by  a  foot  and  provided  with 
an  India-rubber  stop})er,  through  which 
parses  a  narrow  glass  tube,  open  at 
both  ends.  Its  inner  extremity,  reach- 
ing to  the  bottom  of  the  test-tulx%  is 
bent  upward,  to  prevent  the  escape  of  gas,  while  its  outer  portion  is 
bent  downward,  to  allow  the  liquid  expelled  through  it  to  drop  freely 
from  its  orifice.  The  test-tube  Ix-ing  filled  with  the  fermenting  urine, 
the  disengaged  gas  rises  to  its  u]>i>er  port  and  collects  there,  while  the 
urine  is  forced  out  through  the  Ixut  tul>e.  Every  cubic  centimetre  of 
carbonic  acid  product.-d  corresponds  to  0.26  milligrammes  of  sugar 
decomposed.  A  similar  apparntus,  containing  the  same  quantity  of 
healthy  urine  and  yeast,  should  be  kept  at  the  same  temj>erature  for 
an  equal  time,  as  a  comparative  test;  since  a  small  tiuantity  of  gas 
might  be  produced  firom  the  yeast,  owing  to  its  imperfj-ct  purification. 
But  in  this  case  the  disengagement  of  gas  soon  ceases;  while  in  the 
fermenting  solution  it  continues  until  all  the  sugar  has  been  decom- 
posed. This  method  does  not  give  the  precise  quantity  of  glucose 
contained  in  any  single  specimen,  since  some  of  the  urine  escapes 
before  fermentation  is  complete ;  but  it  is  at  tht  same  time  the  surest 
indication  of  the  presence  of  sugar,  and  a  ready  means  of  ascertaining 
its  comparative  amount  in  different  specimens. 


part  of  the  Uiit-tuho  rotitalninir  carhonlc 
acid.  h.  I.nwrr  pnri  of  the  tmt-lahc  cun- 
Ulniog  tli<-  rorraeoting  liquid,  c.  Bent 
class  tiiW,  lu  ull'fw  th«  est'ikpi?  of  liquid, 
rf.  Liquid  which  liM  Imm^i  r<>rc«d  utit  front 
the  lost-lube  by  the  Accutrttilallon  of  ga^. 
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Tlio  qtiantity  of  glucose  in  a  given  Bpccimon  may  be  determbied 
witb  sulliriont  accuracy  for  clinical  purposes  by  the  method  of  Rob- 
ertt^,*  which  Jcpends  upon  the  lose  of  specific  sT^Hty  from  the  dc- 
com]>osition  of  g-lucose  by  fermentation.  A  portion  of  the  urine  i» 
taken  and  its  specific  gravity  ascertained  at  the  temperatun*  of  25"  C. 
A  litth?  yeast  is  then  added  and  the  mixture  kept  at  the  same  tt-rapiT- 
ature  until  fermentation  has  ccnaed;  when  the  specific  gravity  is  again 
taken.  The  diminution  in  density  caused  by  the  decorapoeition  of 
glucoge  is  such  that  the  loss  of  one  degree  in  specific  gravity  indieattig 
the  disappearance  of  2.197  milligrammua  of  glucose  for  every  cubic 
centimetre  of  urine. 

Glucose  can  be  obtained  from  dial)etic  urine,  according  to  the  method 
of  Hoppe-Scylcr,  by  eva|>oruti"g  the  urine  over  the  water-bath  to  the 
consistency  of  a  syrup,  and  allowing  it  to  remain  at  rest  until  com- 
pletely erystallized.  The  crystalline  mass  is  triturated  and  washed 
with  a  small  quantity  of  cold  alcohol,  to  remove  the  urea.  The  rei^i- 
due  is  then  extracted  with  boiling  alcohol,  and  the  alcoholic  solution 
filtered  while  hot,  after  which  the  glucose  is  deposited  in  a  crystalline 
form. 

The  glucose  of  diabetic  urine  is  derived  from  the  blood,  from  which 
it  is  eliminated  in  the  renal  circulation.  It  has  been  ^hown  by  Ber- 
nard,f  that  when  glucose  is  injeetod  into  the  blood-vessels  or  the  sub- 
cutaneous connective  tisi^ue.  the.  time  within  which  it  appears  in  the 
urine  varies  with  the  quantity  injected  and  the  rapidity  of  its  absorp- 
tion. If  a  solution  of  one  gramme  of  glucose  in  25  cubic  centimetres 
of  water  be  injected  under  the  skin  of  a  rabbit  weighing  a  little  over 
one  kilogramme,  it  {.>?  destroyed  in  the  circulation,  and  does  not  pass 
out  with  the  urine.  A  dose  of  1.5  gramme,  injected  in  the  same  way, 
appears  in  the  urine  at  the  end  of  two  hours,  2  (rrammes  in  an  hour 
and  a  half,  2.5  grammes  in  an  hour,  and  12.5  grammes  in  fifteen 
minutes.  When  glucose  accordingly  accumulates  in  the  circulation 
beyond  a  certain  proportion  to  the  volume  of  the  blood,  it  is  elimi- 
nated as  a  foreign  substance,  and  appears  in  the  urine. 

Biliary  Matters. — In  some  cases  of  jaundice,  the  coloring  matter  of 
the  bile  passes  into  the  urine  in  sutTH'icnt  abundance  to  give  it  u  deep 
yellow  or  yellowish-brown  tinge.  Sodium  glycocholate  and  tauro- 
cholate,  according  to  Lchmann,  have  also  been  detected  in  the  urine. 
In  these  instances,  the  biliary  matters  are  reabsorWtl  from  the  hepatic 
ducts  and  conveyed  by  the  bhiod  to  the  kidneys. 

J'fttnsffium  ferrocyanide,  when  introduced  into  the  circulation,  ap- 
pears with  great  readiness  in  the  urine.  According  to  Bernard,  it  may 
begin  to  be  eliminated  within  twenty  miuut«s  after  its  injection  into 
the  duct  of  the  subnjaxillary  gland. 

lodinSf  in  all  its  combinations,  passes  out  by  the  same  channel 


*  Urinuy  nnd  Renal  Dii<ea!*eiii.    Philadelphia  edition,  1872,  p.  IBS. 

t  Lcjons  de  Physiologic  £xp6rimental«.    Glycog€nie.     Paris,  1856,  p.  216. 


THE    URINE. 


335 


I 


I 


I 


I 


After  the  adDiiDistration,  in  man,  of  192  millijaTamraes  of  iodine,  in 
the  form  of  syrup  of  the  iodide  of  iron,  we  hnve  found  It  in  the  urine 
at  the  end  of  thirty  miniitCf;;  ites  elimination  continuing  for  nearly 
twenty-four  hours.  In  two  patients  who  had  Ijcen  takinfr  potassium 
iodide^ — one  for  six  weckp,  the  other  for  two  months — the  urine  Btill  con- 
tained iodine  three  days  after  the  last  dose ;  but  at  the  end  of  three 
days  and  a  half  it  was  no  Ioniser  present.  Iodine,  as  ilischarjGred  by 
the  urine,  i»  always  in  the  form  of  combination,  from  which  it  must 
Ik.'  set  free  by  the  addition  of  a  drop  of  nitric  acid,  after  which  it  pro- 
duces it*  characteristic  blue  color  by  admixture  with  starch.  The  same 
ifl  true  of  other  animal  fluids,  such  as  saliva  and  the  perspiration,  by 
which  ioiliue  is  also  eliminated  after  its  introduction  into  the  system. 

Quinine,  when  administered  tts  a  remedy,  has  been  detected  in  the 
urine.  Ether  passes  out  of  the  circulation  in  the  same  way,  and  its 
odor  is  sometimes  i^ereeptible  in  the  urine,  after  l>eing'  inhaled  for  the 
production  of  anttsthesia.  The  peculiar  odors  developed  in  the  urine 
after  the  use  of  Asparagus,  and  certain  other  vegetable  substances, 
•re  produced  by  a  transformation  of  their  ingredients  while  passing 
throu)?h  the  s^'stem. 

Albumen. — Under  ordinary  conditions  the  albumen  of  the  blood  does 
not  pass  out  from  the  renal  vessels;  but  when  the  local  pre!*sure  is 
increased  beyond  a  certain  point,  owing  to  congestion,  compres.'^ion  of 
the  renal  veins  by  abdominal  tumors,  pn^gnaney,  or  altered  nutrition  of 
the  kidneys  in  Bright's  diseu.«e,  the  albuminourJ  ingredients  of  the  bhwjd 
transude  through  the  capillaries  and  make  their  apjiearance  in  the  urine. 

Albuminous  urine  is  usually  pale,  and  often  opalescent  from  the 
admixture  of  exfoliated  epithelium  cells  or  of  fibrinous  casts  from  the 
uriniferous  tubidcs.  In  these  eases,  it  should  lie  rendered  transparent 
by  filtration  before  applying  the  tents,  .since  the  turbidity  already  exist- 
ing might  mask  the  reaction  of  albumen,  if  present  in  .^mall  proportion. 

In  albuminous  urine  with  an  acid  reaction,  the  application  of  heat 
produces  a  turbidity  which  is  in  proportion  to  the  quantity  of  albumen 
present.  In  extreme  cases  it  may  solidify,  like  the  serum  of  blood, 
before  reaching  the  boiling  point ;  but  more  frequently  the  albumen  is 
thrown  down  in  loose  whitish  flakes.  When  the  turbidity  pro<luced  by 
lioiling  is  moderate  In  amount,  it  may  resemble  thai  due  (n  jirecipifation 
of  the  earthy  phosphates.  It  can,  however,  be  distinguished  by  ihe 
addition  of  a  drop  of  free  acid,  which  at  once  rodissolves  the  phonphates, 
but  does  not  affect  a  turbidity  caused  by  albumen.  An  albuminous 
preci|)itate,  on  the  other  hand,  however  abundant,  is  rediaaolved  by  the 
addition  of  a  caustic  alkali, 

If  the  urine  be  alkaline  in  reaction,  boiling  may  not  throw  down  its 
albumen,  this  substance  btring  soluble  in  an  alkali.  Alkaline  urine, 
accordingly,  if  suspected  of  l>elntr  albuminous,  should  be  rendered  dis- 
tinctly acid  before  boiling,  by  the  addition  of  a  small  quantity  of  a  free 
acid. 

Nitric  acid,  added  in  moderate  quantity  to  albuminous  urine,  produces 
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a  turbidity  by  coa^Iatiniu:  the  albumen.  Alcohol,  in  equal  volome, 
will  Lave  the  same  effect ;  aurl  a  solution  of  potassium  ferrocyaniiic, 
acidulated  with  acetic  acid,  will  also  produce  coag^ulatiou.  When  all 
these  tests  have  been  applied,  no  doubt  will  remain  as  to  the  presence 
or  absence  of  albumen. 

Deposits  in  the  Urine. 

The  deposits  which  appear  spontaueously  in  the  urine  consist  eithtr: 
let,  of  some  of  its  uoruiul  ingredients,  thrown  down  in  consequenoe  of 
a  change  in  its  foniposiitiuu ;  or  2d,  of  exudations  from  the  urinary 
pftfisages,  owing  to  diseased  local  conditions.  Those  bidoufring  to  the 
first  class  are  the  earthy  phosphates  and  the  urates.  The  most  commoD 
of  those  belonging  to  the  second  are  blood,  mucus,  and  pus. 

DejKjsitif  of  tfie  Earlhij  Phosphates. — These  deposits  are  always  uf  a 
white  color,  and  are  .'svldoiii  iilmudaiit.  When  the  urine  is  first  passed, 
they  are  disseitiioated  through  its  mass  in  the  form  of  a  light  cloudiness, 
which  settles  slowly  to  the  bottom  of  the  vessel.  The  urine  is  alkaline 
or  neutral  in  reaction,  and  is  usually  of  less  than  the  average  spiriGc 
gravity.  The  precipitate  is  amorphous,  presenting  no  crystalline  formti 
under  the  microscope.  It  is  at  once  redissolved  on  the  addition  of  an 
acid,  and  presents  all  the  chemical  reactions  belonging  to  the  earthy 
[ihosphutes.  The  alkaline  condition  of  the  urine,  causing  this  depo«it, 
may  1>e  due  to  temporary  diminution  in  the  quantity  of  uric  acid  pro 
duced  in  the  system,  or  to  a  formation  of  alkaline  carbonates  from  tiie 
use  of  fruits  or  vegetables  containing  salts  of  the  vegetable  acids. 

Deposits  of  the  Urates.  —  The  urali's  apia-ar  as  a  depo.sii  when  their 
formation  in  the  system  is  unusually  atjundant  in  proportion  to  the 
urine,  so  that  they  are  no  longer  held  in  solution.  The  urine  is  nearly 
always  concentrated,  highly  colored,  above  the  average  specific  gravity, 
and  of  a  strongly  ueid  reaction.  The  deposit  is  sometimes  nearly  white, 
but  usually  of  a  light  pink  or  even  red  color,  according  to  the  concen- 
tration of  the  urine.  If  allowed  to  settle  in  a  white  porcelain  vessel, 
and  the  supf'rnatant  fluid  poured  off,  the  deposit  is  sometimes  left  as  a 
brick-red  stain  on  the  inner  surface  of  the  vessel,  forming  what  ia  known 
as  the  "  brick-dust  "  sediment. 

Deposits  of  the  urates  are  recognized  by  the  two  following  characters. 
First,  they  never  apj>ear  while  the  urine  is  still  warm,  but  only  after  it 
has  er)oled ;  the  urine,  when  first  passed,  being  always  perfectly  clear, 
and  becoming  turbid  on  repose.  Secondly,  the  urine,  however  turbid, 
if  heated  in  a  test-tube,  becomes  again  clear,  usually  before  reaching  the 
boiling  point.  Both  these  characters  depend  on  the  solubility  of  the 
urates  at  high  temperatures. 

In  rare  cases,  when  urine  is  turbid  with  the  urates  and  also  contains 
albumen,  a  double  effect  may  be  produced  by  the  application  of  heaL 
When  the  specimen  is  first  heated,  it  clears  up,  owing  to  the  solution 
of  the  urates ;  but,  on  approaching  the  boiling  point,  it  again  becomes 
turbid  from  precipitation  of  the  albumen 
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!'be  urates  are  also  solubles  in  caustic  nlkalies,  and  the  addition  of 
?w  drops  of  a  solution  of  sodium  or  potassium  hydrate  redissolvwa 

je  prticipitale.  Free  acid^,  ou  tke  other  hand,  decompose  it,  with  the 
foriuatioD  of  a  corresponding  .sodium  or  potus>;ium  salt,  which  remains 
in  solution,  and  the  separation  of  uric  acid,  which  slowly  crystallizes. 
But  the  volume  of  uric  acid  produced  is  go  much  smaller  than  that 
of  the  urates*  previously  di.sr?eminated  through  the  urine,  that  the  only 
effect    itumediateiy  apparent   is 

that  of  solution  of  ibe  precipi-  ^'*''  ^^ 

tat«.  A  deposit  of  the  urates  is 
accordin«rly  tho  only  one  liable 
to  owur  in  the  urine,  which  is 
cleared  up  by  both  alkalies  anti 
acidic. 

Deposits  of  the  urates,  when 
first  thrown  down,  are  pulveru- 
lent in  form,  presenting-  under 
tbo  microBCOfie  the  appenranco 
of  minute  granules.  After  a  day 
or  two  they  Komctimes  cryptal- 
lize  iii  jjrlohiilar  mtvHseii  of  radi- 
ating needier,  often  with  Btraiijht 
or  curved  projections  from  tho 
outer  surface.  If  a  free  ucid  he 
added  to  this  depo.sit,  the  crys- 
talline tnas8e8  prrow  transparent,  and  slowly  dissolve  from  without 
inward,  while  rhomboida]  tnltular  cry^-tals  of  uric  acid  appear  in  the 
adjacent  flui(i. 

Crystals  of  uric  acid  soiuctimp.>*  a|»penr  in  a  deposit  of  the  urates 
after  a  few  hours,  owing  to  the  developtnont  of  a  free  acid  in  the  urine; 
and  they  are  sometimes  formed  within  the  urinary  passajeres,  so  as  to  be 
present  in  the  urine  wheu  passed.  Owinir  to  their  density  Dn<l  nujeru- 
larity  they  cause  an  irritation  to  the  mucous  membrane  of  the  bladder 
and  urethra,  and  are  known  aa  the  •'grra^'el"  of  the  urine.  In  a 
mingled  precipitate  of  the  urates  and  uric  acid,  the  uric  acid  is  a  scanty, 
dense,  deeply  colored,  crystalline  deposit  which  sinks  rapidly  and  accu- 
mulate>)  at  the  Ixiltora  of  the  vessel,  while  the  coniparativc'ly  light  and 
pulverulent  urates  are  more  .slowh'  depo:*ited  above  it. 

Blood. — Urine  containing  blood  is  raore  or  less  tinged  throughout 
with  a  dull  reddish  color.  After  one  or  two  hours  of  repose  in  a  cylin- 
drical vessel,  the  blood-globnles  are  slowly  deposited ;  and  the  minute 
lilamentous  congula  with  which  they  are  frequently  entangled  form  a 
strongly  colored  red  layer  at  the  bottom  of  the  vessel.  The  nature  of 
the  deposit  b  recognized  by  two  well-marked  characters,  namely :  1st. 
The  blood-globules  are  distinguished  by  micro.^copic  examination,  their 
form  not  being  entirely  lost  even  after  remaining  in  the  urine  for  sev- 
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eral  hours;  and  2d.  The  supernatant  fluid,  when  decanted,  is  found  lo 

contain  albumen. 

Miirua. — Thf  s-Ii^ht  t|unntitT  of  vesical  mucus,  normally  contained 
in  the  urine,  is  at  first  uniformly  disseminated  throujfhout  its  mas&,  and 
even  after  being  left  in  repose  i.-<  insufficient  to  produce  any  wcll-markod 
or  consistent  deposit.  The  lipht  cloudy  opalescence,  which  it  forms  at 
the  bottom  of  the  vessel,  is  visible  only  on  close  inspection,  and  is  reaiJ* 
ily  disseniinated  a^ain  by  agitation.  But  in  inflammation  of  the  uri- 
nary bladder,  the  mucus  is  increased  in  quantity  and  altered  in  quality. 
It  then  appears  as  a  consistent  mass,  which  does  not  mix  uniforndy 
with  the  urine,  hut  subsides  to  the  bottoni  as  a  semifluid  depo.sit.  Mucus 
by  itself  is  transparent  and  colorless,  hut  it  frequently  contains  epiibo- 
liiim  cells  from  the  bliidder ;  and  when  crystalline  or  pulverulent  deposits, 
take  place  in  the  urine,  they  first  appear  in  contact  with  the  mucuB,  so 
that  its  surface  is  ofti-u  sprinkled  with  the  urates  or  phosphates.  A 
deposit  of  mucus  is  distinguished  by  its  viscid  and  semifluid  consistency. 
It  is  not  affected  by  heat,  but  is  coajj^ulated  and  shrivelled  by  alcohol  i 
and  by  nitric  or  acetic  acid.  Friue  enntaininsr  mucus  is  liable  to  rapid 
decomptisition,  and  often  has  a  peeiilinrjy  ollensive  odor  from  this  cau^. 

Pu8. — When  pus  is  contained  in  the  urine  it  gradually  subsides  if 
allowed  to  remain  at  rest,  forming  a  dense,  creamy-white  deposit,  per- J 
fectly  fluid  in  consistency  and  easily  di-sseminated  by  agitation.     Micro-j 
seopii' exam i nation  shows  it  to  be  composed  of  colorless,  granular,  nucle- 
ated "  pus-glolniles,"  identical  in  apj>earauee  with  the  white  globules  of 
the  blood,  but  distinguishable  from  those  belonging  to  a  deposit  of  bloodj 
by  their  abundance  and  by  the  absence  of  red  globules.     If  the  siiper- 
natnnt  fluid  he  poured  off,  and  a  few  drops  of  a  solution  of  caustic  alkali' 
wlded  to  the  deposit,  it  loses  its  white  color  and  opacity,  owing  to  the 
solution  of  itvS  granular  cells,  and  swells  up  into  a  transparent,  colorless | 
gelatinous  sulistance,  which  can  no  longer  lie  poured  off  in  drops,  botj 
slides  out  of  the  vessel  in  a  single  semi-solid  mass.     This  character  M'ill 
serve  to  distinguish  a  purulent  deposit  from  any  other  liable  to  occur 
in  the  urine.     The  supernatant  urine,  when  filtered,  is  foimd  to  cootaini 
a  small  ijuantity  of  albumen,  the  interstitial  fluid  of  pus  being  itself^ 
albuminous. 

Becomposition  of  the  Urine. 

After  its  discbarge  from  the  body,  the  urine  undergoes  spontaneoua 
changes,  by  which  its  organic  ingredients  are  altered  and  finally  disap- 
pear. This  dec<»tnf)osttion  is  closely  dependent  on  the  mucus  in  the, 
urine,  being  much  reiartlcd  if  this  be  separated  by  immediate  filtration, 
and  hastened  in  a  corresponding  degree  when  the  mucus  is  abnormally  j 
abundant.  It  is  characterized  by  two  <liff(>rent  .stages,  distinguished  hy 
the  successive  developnuMit  of  acid  and  alkaline  ]>roducts.  They  are 
known  respectively  as  the  acid  and  the  alkaline  fermentations. 

Acid  Fermentation  of  the  CVtne.— This  process  takes  place  for  the 
most  part  within  twelve,  twenty-four,  or  forty-i'ight  hours  after  the  dis-  ] 
charge  of  the  urine.     It  consists  in  the  production  of  a  free  acid,  usually 
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dctic  acid,  from  some  undetcrminnfl  orpranic  ingjedif  iits  of  the  excretion. 
The  urine  when  fresh  contains  no  free  acid,  its  reaction  Ix'iiig^  d«ie  to  tho 
ntjsencc  of  sodium  biphot^phate.  But  lactic  acid  has  so  often  been  found 
n  urine  as  to  Iw  sometiuies  roLnirded  as  one  of  its  norninl  constituents. 
Observation,  however,  lias  shown  that  urine,  thoufrh  fret'  from  lactic  acid 
Ji'hcn  first  passed,  may  present  distinct  traces  of  tliis  sui»stance  aft^jr 
ionie  hours  of  exposure  to  the  air.  Its  production  in  this  way,  though 
iiot  constant,  appears  suQiciently  fTCi|uent  to  be  regarded  as  a  normal 
)roco88. 

There  ia  reason  to  believe  that  oxalic  acid  is  sometimes  produced  in  a 
limilar  manner.  A  deposit  of  linu;  oxalate  is  frequently  present  in  the 
brine  a  day  or  two  after  its  discljarjfc,  without  the  existence  of  any  per- 
Deptible  morbid  symptom.  Whenever  oxalic  acid  is  formed  in  the  urine 
t  unites  with  linse  in  preA-nMue  to  any  other  of  the  bases  present,  and 
8  consequently  de|>osited  under  the  form  of  lime  oxalate,  which  ia 
(uite  in^uble  in  urine,  even  at  the  boilinn!-  point.  In  these  cases,  the 
Ime  oxalate  crystals  gradually  appear  in  the  light  cloud  of  mucus  at 
he  bottom  of  the  vessel.  Tlicy  are  of  iiiinute  size,  for  the  most  part 
just  visible  to  the  naked  eye,  scanty  in  amount,  transparent,  and  eolor- 
Hess.  They  have  the  form  of  regular  octohcdra,  or  double  fpiadraugular 
pyramids,  united  base  to  ba.se.  They  usually  show  themselves  about 
the  second  day,  the  urine  continuing  clear  and  retaining  its  acid  reac- 
tion ;  and  they  fre»|ueully  apj>ear  as  a  deposit  when  no  substance  con- 
^niog-  oxalic  acid  or  oxalates  has  been  taken  with  the  food.  The  preciBO 
lource  of  the  oxalic  acid,  under 

these    circumstances,    has    not  ^°-  ^^' 

t>een  determined,  but  it  is  [)rob- 
ibly  derived  from  a  partial  mcta- 
inorfthosis  of  the  uric  acid.  If 
iric  acid  be  boiled  in  two  parts 
Df  water  with  lead  peroxide,  it 
8  decomposed,  with  the  produc- 
ion,  among  other  substances, 
)f  oxalic  acid ;  and  it  is  sup^iosed 
ihat  some  similar  change  may 
»ke  place  in  the  urine,  causing 
lie  appearance  of  oxalic  aci<l  in 
Dinute  quantity.  This  d<'coni- 
^ses  a  portion  of  Jlu-  lime  salts, 
md  conHe((uent]y  ap}>ears  as  a 
arstalline  deposit  of  lime  ox- <^""™'*"  <>»' ^™=  o**'**"^  ^*p«"*<"^" '»«^**J' 

,   ^  urin«,  during  lb«  acSd  fonooiiUUon. 

uate. 

Alkalii}e  Fermt'nialion  uf  the  Urine. — After  a  few  days  thechang^ea 

Bitbove  de.scri>)ed  come  to  an  end,  and  are  succeeded  by  the  transformation 

of  urea  into  ammonium  carbonate.     This  change,  which  may  be  artifi- 

ally  produced  in  a  watery  solution  of  urea  by  continued  boiling,  takes 

in  the  urine  slowly  at  low  temperatures,  more  rapidly  during  warm 
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weather.     The  elements  of  two  molecules  of  water  unite  with  choee  of 
urea  to  produce  ammonium  carbonate,  as  follows : 

Urea.  Ammnniam  csrtionatr 

CII«N,0  -f  2H,0        =         (XIl4).C0, 

The  ammoniacal  r^lt  when  first  produced  neutralizes  a  corresponding 
quantity  of  sodium  biphosphate,  diminishing  the  acid  reaction  of  the 
urine.  This  diminution  continues,  as  the  fermentation  proc^vd?.  until 
the  acidity  disappears  altogether. 


Fio.  84. 


The  urine  then  Jiecomes  neutral, 
and  sub:requently  alkaline :  its 
alkale.scenci>  arrowing  more  pro- 
nounced with  the  accumulation 
of  the  ammoniacal  salt. 

The  time  at  which  the  urine 
liccomes  alkaline  varies  with  its 
original  degree  of  acidity  and 
tlu.*  rapidity  of  its  decomposi- 
tion. Urine  which  is  neutral 
at  the  time  of  its  dis4:-har:re. 
I)ecomes  alkaline  more  rapidly 
than  that  which  has  at  first  a 
strongly  acid  reaction.  In  sum- 
mer, it  is  often  alkaline  on  the 
third,  fourth,  or  fifth  day;  while 
in  winter,  if  kept  in  a  cool  place, 
it  may  still  1k>  neutral  at  the 
end  of  fifteen  days.  In  iniraly- 
sis  of  the  bladder  with  cystitis, 
where  the  vesical  mucus  is  increased  in  ([uantity  and  altered  in  (luality, 
and  the  urine  remains  in  the  bladder  for  ten  or  Iwi-lve  hours  at  the 
temperature  of  the  body,  it  may  Im'  distinctly  alkaliixr  and  ammoniacal 
at  the  time  of  its  dis<,'ljarge.  In  these  cases  it  is  acid  when  secreted, 
but  })econi4's  alkaline  while  retained  in  the  Idadder. 

Th(;  first  effect  of  the  alkaline  condition  of  the  urine,  thus  produced, 
is  u  preciiHtntion  of  the  (!arthy  phos]>hates.  This  deposit  slowly  settles 
on  tlie  sides  and  fujttom  of  the  vessel,  or  is  partly  entangled  with  certain 
animal  niutt<!rs,  forming  a  thin,  opnlin<;  scum  on  the  surface.  There  are 
no  crystals  at  tliis  time,  the  deposit  being  entirely  amorphous  and  gran- 
ular. 

The  next  change?  is  the  production  of  a  now  salt,  the  ammonio-mag- 
nefdan  jihoaphate,  l)y  the  combination  of  ammonia,  formed  from  urea, 
with  the  magnesium  phosphate  already  present  in  the  urine.  This 
change  is  represented  as  follows : 


CBYSTALB    or    AMMUXIU-MAbXKSlAN     I'UOi^VUATV^ 

depositcfl  ttnm  healthy  urine,  duriiiK  tlii>  alkaline 
fi-riiKintatiiin. 


Mttgiii'iiiuin  p)io.><i>hat<.>. 

MkUP()4 


Ammonia. 


Ammonio-maKncslan  phosphate. 

\rgNH4Po, 


The  crystals  of  this  salt  show  themselves  throughout  all  part«  of 
the  mixture,  entangled  in  the  mucus  at  the  bottom,  adhering  to  the 
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sides  of  the  vessel,  and  scattered  over  the  fibn  on  the  surface  of  the 
urine.  By  their  refractive  power  they  give  to  this  fikn  a  glistening 
and  iridescent  appearance,  nearly  always  visible  at  the  end  of  six  or 
seven  days.  They  are  colorless,  transparent,  triangular  prisms,  gener- 
ally with  bevelled  extremities,  their  edges  and  angles  frequently  re- 
placed by  secondary  facets.  They  are  insoluble  in  alkalies,  but  are 
easily  dissolved  by  acids,  ven  very  dilute.  At  first  they  are  of 
minute  size,  but  gradually  increase,  so  that  after  seven  or  eight  days 
they  may  be  recognized  by  the  naked  eye. 

As  decomposition  proceeds,  the  ammonium  carbonate,  after  saturating 
all  the  other  ingredients  with  which  it  is  capable  of  uniting,  begins  to 
be  given  off  in  a  free  form.  The  urine  then  acquires  an  ammouiacal 
odor ;  and  a  piece  of  moistened  test-paper,  held  above  its  surface,  will 
be  turned  by  the  escaping  alkaline  gas.  This  is  the  source  of  the 
ammoniacal  vapor  given  off  wherever  urine  is  allowed  to  remain  and 
decompose.     The  change  continues  until  all  the  urea  has  disappeared. 


SECTION  III. 

THE  NERVOUS  SYSTEM. 


CHAPTER    I. 

OENEBAL   8TBUCTUBB  AND   FUNCTIONS  OF 
THE  NEBV0U8  SYSTEM. 

THE  nervous  system  is  an  apparatus  of  communication,  by  which 
the  various  parts  of  the  body  are  brought  into  relation  with  each 
other,  and  different  organs  excited  to  harmonious  or  alternating  action. 
Its  effects  are  produced  by  an  influence  transmitted  from  one  region  to 
another,  stimulating  or  modifying  the  animal  functions  according  to 
the  requirements  of  the  system  at  large.  It  differs  in  its  properties 
and  mode  of  action  from  the  other  anatomical  structures  of  the  body, 
to  which  it  is  superadded  for  their  regulation  and  control. 

The  specific  physiological  properties  or  modes  of  activity,  belonging 
to  a  bodily  organ,  may  often  be  called  into  operation  by  a  direct 
stimulus  or  exciting  cause.  The  poles  of  a  galvanic  battery,  applied 
to  the  muscles  of  a  frog's  amputated  leg,  produce  contraction  and  move- 
ment ;  a  solution  of  atropine  dropped  on  the  cornea  of  a  living  animal, 
when  absorbed  and  brought  in  contact  with  the  iris,  causes  a  change 
in  the  condition  of  its  fibres  and  a  dilatation  of  the  pupil ;  and  if  the 
heart  of  a  frog,  after  removal  from  the  body,  be  touched  with  the  point 
of  a  needle,  it  repeats  th^  movement  of  an  ordinary  pulsation.  In 
these  instances,  the  physiological  act  is  in  response  to  a  stimulus  oper- 
ating  directly  on  the  tissues  of  the  organ. 

But  this  is  not  the  mode  in  which  the  animal  functions  are  excited 
during  life.  The  stimulus  which  calls  into  action  the  living  organs 
is  not  direct,  but  indirect,  in  its  operation.  In  the  normal  condition, 
the  muscles  are  never  made  to  contract  by  an  external  stimulus  applied 
to  their  own  fibres,  but  by  one  which  operates  on  some  other  organ, 
a4iacent  or  remote.  The  functional  activity  of  the  glands  is  increased 
or  diminished  by  causes  acting  on  other  parts ;  as  where  a  flow  of 
saliva  from  the  parotid  is  produced  by  food  introduced  into  the  mouth, 
or  where  the  cutaneous  perspiration  is  modified  by  mental  conditions. 
The  various  organs  are  thus  connected  with  each  other  by  a  mutual 
sympathy  which  regulates  their  physiological  action ;  and  this  connec- 
tion is  established  by  means  of  the  nervous  system. 

342 


GENERAL    STRUCTURE    OF    THE    NERVOUS    SYSTEM.     343 

The  function  of  the  nervous  system  is  therefore  to  associate  the  dif- 
ferent parts  of  Ifie  body  in  fntch  a  manner,  that  slimulus  applied  to 
one  organ  may  excite  the  actii^ity  of  another. 

The  instances  of  this  action  ore  almost  as  numerous  as  the  vital 
phenomena.  The  light  falling  upon  the  retina  produces  contraction 
of  the  pupil.  Introduction  of  food  into  the  stomach  causes  a  discharge 
of  bile  from  the  gall-bladder.  Alimentary  substances,  in  contact  with 
the  mucous  membrane  of  the  intestine,  excit*  the  peristaltic  action 
of  its  muscular  coat ;  and  the  presence  of  a  fcEtus  in  the  uterus  is 
accompanied  by  increased  growth  of  the  mammary  glands.  Every 
organ  is  subservient,  in  the  manifestation  of  its  activity,  to  influences 
derived  from  other  parts  through  the  nervous  system. 

In  the  nervous  system  there  are  two  kinds  of  anatomical  elements; 
namely,  nerve  jibres  and  nerve  ceUif.  The  nerve  fibres  are  the  charac- 
teristic constituents  of  the  "  white  substance,"  forming  the  mass  of 
the  nerves  and  their  ramifications,  the  external  portion  of  the  spinal 
cord,  and  much  of  the  internal  parts  of  the  brain.  The  nerve  cells  arc 
found  in  the  "gray  substance."  which  constitutes  the  external  or  con- 
voluted layer  of  the  brain,  as  well  as  various  internal  deposits  near  its 
base,  the  central  portions  of  the  spinal  cord,  and  many  small  detached 
mMSes,  or  ganglia,  in  difTeretit  parts  of  the  body. 

Nerve  Fibres. 

The  nerve  fibres  are  cylindrical  (i laments,  arranged  in  bundles  or 
tracts,  for  the  most  part  parallel  with  each  other.  Their  diameter 
varies  considerably,  even  in  the  same  locality;  some^of  the  fibres  in  a 
single  bundle  Ijeing  10,  15.  or  18  micro-rutUiiuetres  in  diameter,  while 
others  are  not  more  than  2.5  nimra.  Their  average  size  also  varies  in 
different  parts  of  the  nervous  system.  The  larger  fibres  arc  found  in 
the  peripheral  trunks  and  branches  of  the  nerves,  where  they  have  an 
average  diameter  of  12.5  mmni. ;  in  the  white  sub.stance  of  the  brain 
and  spinal  cord  their  average  diameter  is  5  mmm.,  and  in  the  gray 
substance  it  is  reduced  to  2  mmm.  Certain  portions  of  the  nervous 
system  are  di.stiuguishcd  by  the  comparative  abundance  of  their  larger 
or  smaller  fibres.  Thus  in  the  cutaneous  nerves  of  man.  according  to 
Bidder,  Volkmann,  an«l  Kiilliker,  the  larger  and  smaller  fibres  are  in 
aboat  equal  quantity,  while  in  the  muscular  nerves  the  larger  fibres  are 
three  times  as  abundant  as  the  smaller.  In  the  nerves  of  bony  tisv^ue 
the  number  of  sraaJ!  fibres  is  doiilde  that  of  the  large  ones;  and  in  the 
gray  substance  of  the  cerebral  hemispheres  they  all  belong  to  the 
smaller  variety,  none  l>eing  larger  ihan  fi  or  7  mmm.  in  diameter. 
The  nerve  fibres  in  the  same  bundle  or  tract  may  increase  or  diminish 
in  size  at  different  parts  of  their  course;  as  KiJlliker  has  shuwn  that 
the  fibres  of  the  posterior  roots  of  the  spinal  nerves,  in  pas.sing  to  the 
gray  substance  of  the  cord,  arc  reduced  in  average  diameter  from  10 
to  6  mmm.,  and  those  of  the  white  substance  of  the  cerebral  hcmi- 
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spheres,  on  entering  the  gray  matter  of  the  convolutions,  are  rcdi 
from  &  to  2  uimm.  in  diameter, 

Thft  nervo  fibre,  in  its  most  coraplote  form,  presents  inrvfj  uijiti 
structural  elenirntH,  nanuly:  an  external  tubular  sheath,  an  interme- 
diftto  medullary  layer,  and  a  central  axis  cylinder. 

JTie  Tubular  Sheath. — The  nerve  fibre  consists  externally  of  a  col- 
orless, transparent,  tubular  membrane,  known  as  the  "sheath  of 
Schwann,"  which  closely  investj^  its  remaining'  portions.  This  mem- 
brane may  often  he  dii5tinfruii*hed  at  points  where  the  fibre  has  beeo 
accidentally  compressed  or  indented ;  or  it  may  be  brought  into  view 
according  to  the  method  of  KiiJliker,  by  treating  the  fibres  with  a  cold 
solution  of  sodium  hydrate,  and  nfterward  boiling  them  for  an  instant 
in  the  same  fluid.  This  extracts  the  greater  part  of  their  contents,  and 
leaves  the  sheath  in  the  forn»  of  an  empty  cylindrical  canal.  In  its 
general  character,  the  tubular  sheath  resembles  the  sarcolemma  of 
nmscular  fibre,  it«  principal  physical  properties  being  its  cohesion  and 
elasticity.  Its  office  is  no  dfiubt  that  of  a  protecting  envelope,  by 
which  tlie  intt>nial  portions  are  maintained  in  the  cylindrical  form. 

I'he  MednUary  Layer. — Immediately  within  the  tubular  sheath  is 
a  layer  of  transparent,  highly  refractive  material,  nearly  oleaginous  in 
consiftteney,  ti^rraed  the  "nieiJullary  layer,"  or  myeline,  which  gives 
to  the  nerve  Fibres,  and  the  tracts  composed  of  them,  their  whito 
glistening  aspect.  Owing  to  the  presence  of  this  substance,  the  nerve 
fibre  has,  under  the  microscope,  a  characteristic  double  contour,  pre- 
senting two  pnraHel  outlines  on  each  border ;  indicating  the  external 
and  internal  linuts  of  the  ntedullary  layer.  The  fibres  containing  a 
medullary  layer,  and  exhibiting  its  characteristic  double  contour,  are 
called  "raediiltated  nerve  fibres." 

The  medullary  layer  is  readily  altered  by  the  imbibition  of  water. 
It  swells  up  and  exudes  from  the  divided  extremities  of  the  nerve 
fibres,  in  fdamentous  tufts  and  masses  of  irregular  outline,  which  from 
their  peculiar  appearance  are  known  as  "  myeline  forms."  These  masses 
become  min^ded  with  each  other  when  a  number  of  divided  or  lacerated 
nerve  tibres  have  been  placed  in  water;  and  the  myeline  is  after  a  time 
80  much  altered  and  distorted,  by  the  imbibition  extending  to  the  in- 
terior of  the  fibre,  as  to  obscure  all  its  remaining  anatomical  cbaractera 
Owing  to  this  olterability  of  the  nerve  fibres  it  has  been  found  of 
advantage  to  .«*tu<ly  them  with  the  aid  of  various  staining  and  harden- 
ing  liquids ;  one  of  the  most  useful  of  which  is  perosmic  acid.  Dilute 
solutions  of  this  substance  fix  the  nerve  fibres  in  their  natural  form 
and  position,  so  that  they  can  afterward  be  manipulated  with  less 
danfjer  of  injury ;  and  it  moreover  stains  the  medullary  layer  of  a 
blackish  hue,  without  coloring  the  remaining  element»s.  When  a  group 
of  nerve  fibres,  stained  by  perosniic  acid,  are  viewed  in  transverse 
section,  each  fibre  appears  as  a  dark  zone  enclosing  a  transparent,  col- 
orless space  near  its  centre;  the  dark  exterior  zone  being  the  blackened 
medullary  layer,  while  the  central  space  represents  the  uncolored  axis 
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Fro.  85. 


1  ^. 
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cylinder.  When  viewed  in  profile,  such  fibres  exhibit  a  dark  colorM 
double  border,  formed  by  the  nuduUary  layer,  surrounding  the  longi- 
tudinal axis  cylinder 

In  regard  to  its  physiological  function,  the 
■ledullary  layer  is  considered  by  some  writers 
«B  an  i-snleting  substance,  likf  the  gutta-perrha 
anvelofie  of  a  ;<ulmiaritte  teleirrajih  wire,  to  con- 
fine the  transmission  of  ner%'e  force  within  proper 
limits,  and  prevent  its  difTutiion  to  neighboring 
parts.  It  certainly  does  not  act  directly  in  this 
transmi.ttfiion ;  since,  as  hereafter  ^!h^lwn,  it  Is 
interrupted  at  numerous  points  in  the  course  of  * 
the  fibres;  and  it  is  always  wanting  for  some 
distance  in  the  neighborhood  of  both  their 
origin  and  their  termination.  These  facts  are 
,|||bo  at  variance  with  its  supposed  character  as 
tn  isolating  material;  since  any  discontinuity  of 
its  substance  would  seem  to  destroy  its  efficiency 
for  that  purpose.  It  is  sonietinies  regarded,  with 
perhaps  greater  plausibility,  as  affording,  by  its 
consistency,  a  physical  protection  to  the  axis 
cylinder;  securing  it  from  local  injury,  in  flexions 
or  indentations,  by  the  uniform  support  which  a 
fluid  envelope  would  give.  Its  interruptions 
during  the  course  of  the  nerve  fibres  are  not 
sufficient  to  interfere  with  its  usefulness  in  this 
respect. 

The  Axis  Ci/Hnd^T. — The  central  part  of  the 
nerve  fibre  consists  of  a  pale,  htmiogcneous,  or  finely  granular  cord,  of 
larly  cylindrical  form,  situated  in  its  longitudinal  axis.  From  these 
Mraeters  it  has  received  the  name  of  the  '*  axis  cylinder.''  In  consist- 
ency the  axis  cylinder  i.'<  a  soft  solid,  and,  though  very  delicate,  it  has 
a  certain  degree  of  elasticity.  By  some  observers  (Schultze,  Oerlach) 
It  is  regarded  as  composed  of  minute  fibrillse,  united  into  a  uniform 
huudle ;  by  others  of  equal  authority  (KolHker)  the  indications  of  it» 
fibriliated  constitution  are  considered  as  uncertain. 

The  axis  cylinder  fonsi.^ts  of  an  albumenoid  substance,  in.^oluble  in 
water,  alcohol,  and  ether.  It  becomes  pak-  and  swollen  by  the  actit*n 
of  concentrated  acetic  acid,  and  is  readily  di.ssolved  by  a  boiling  soluti(m 
of  sodium  hydrate.  It  is  stained  red  by  sobitions  of  carmine,  which,  on 
the  other  hand,  produce  no  effect  on  tfie  medullary  layer;  and  after  the 
nse  of  this  agent,  the  transverse  section  of  a  nerve  shows  in  the  interior 
of  each  fibre  a  red  or  pinkish  spot  in  the  place  of  thr  axis  cylinder, 
surrounded  by  a  colorlcsH  zone  representing  the  medullary  layer.  In 
nerve  fibres  treated  with  a  solution  of  gold  chloride  and  subseijut-ntly 
exposed  to  light,  the  axis  cylinder  is  stained  of  a  dark  purple,  nearly 
black  color ;  and  by  this  mode  of  preparation  nerve  fibres  of  extreme 
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Rtained  b/  pc nwunic  acid ; 
Trora  the  pualerloT  wall  of 
donal  lymph-sac  of  Frog. 
—1,  1,  Medullary  layor. 
2.  All*  Cylinder.  3,3.Cou- 
fftrlclluna  of  Etanvtor.  4, 4, 
loclitiona  of  Schmidt. 
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delicacy  may  be  traced  where  they  would  otherwise  escape  obMrvi^ 
tion. 

In  its  phytiiolopical  properties,  the  axis  cylinder  is  ^x-yond  question 
the  essential  clement  of  the  nerve  fibre.  By  its  abundaiit  nlbumcaoid 
ingredients  it  is  distintrnisbed  Irora  the  medullary  layer,  and  it  fomw 
exclusively  the  whole  uf  Uie  iibre  both  at  its  origin  and  its  terniiiia- 
tion.  It  is  no  doubt  through  the  axis  cylinder  that  the  nerve  current 
is  tranamitted,  the  remaining  portions  of  the  fibre  being  of  secondary 
imporlanee. 

Of  the  three  constituent  parts  of  the  nerve  fibre,  the  axis  cylinder  is 
the  only  one  uniformly  continuous  throughout.  At  frequent  intervals 
in  its  course  the  fibre  presents  a  remarkable  diminution  in  size,  caused 
by  an  annular  constriction  of  the  sheath  of  iScbwann  and  an  interruptioa 
at  the  same  point  of  the  medullary  layer  (Fig.  85,. j).  These  constric- 
tions, which,  from  the  name  of  their  discoverer,  are  known  as  the 
"constrictions  of  Raiivier,"  recur  in  general  at  distances  of  about  76  or 
80  times  the  diameter  of  the  nerve  fibre.  At  each  of  these  points  the 
sheath  of  Schwann  contracts  to  aliotit  one-half  it>  ordinary  calibre, 
leaving  a  diminisht-d  oriliee  through  which  the  axis  cylinder  passes, 
while  the  medullary  layer  ternwnates  on  each  side  by  a  rounded 
extremity.  The  portion  of  a  nerve  fibre  included  lietween  two  con- 
secutive annular  (■i>tistrietions,  is  calhi}  an  "inter-annular  segment.'' 

The  annular  constrictions  visible  in  nerve  fibres  have  been  often 
attributed  to  mechanical  injury.  r>r  to  the  action  of  fluids  used  in  their' 
preparation;  but,  as  Rauvier  has  shown,  they  may  l>e  seen,  without 
tJrie  addition  of  any  reagent,  in  the  uninjtired  nerve  fibres  of  the  frog's 
lung,  while  the  circulation  of  the  blood  is  still  going  on.  They  are 
con.scqueutly  a  normal  anatomical  feature  of  the  nerve  fibre. 

Beside  the  annular  constrictions,  there  are  othnr  partial  or  complete 
interruptions  of  the  medullary  Inyer,  of  more  troquent  occurrence,  situ- 
ated at  irregular  intervals  in  the  length  of  each  inter-annular  segment. 
These  are  the  "incisions  of  Schmidt''  (Fig.  «5,,,).     In  a  profile  view] 
of  the  nerve  fibre  they  present  the  appearance  of  narrow  oblitjue  cuts! 
in  the  medullary  layer,  extending  from  its  outer  surface  nearly  or  quite  I 
to  its  fnternnl  border.    Both  the  annular  constrictions  and  the  incisional 
of  S'^hmidt  are  most  distinctly  recognized  after  partial  staining  of  ihe] 
medullary  layer  with  perosmic  acid. 

Non-meduUated    Nerce    Fibres.  —  Beside   the   nerve    fibres   above ^ 
described,  there  is  a  second  variety,  distinguished  by  the  absence  of 
a  medullary  layer,  aiid  termed  "non-medullated  nerve  fibres."     They 
are  the  only  nerve  fibres  to  be  found  in  invertebrate  animals;   aD<I| 
in    man    and    the  vertebrate   animals   they  are    mingled    in    various  • 
proportions  with   medullated    Jibres   in   different  nerves.     The   olfac- 
tory nerve    cousidt    exclusively  of  non-medullated  fibres;   there  are| 
Done,  on  the  other  band,  in  the  optic  nerve,  which  is  composed  alto- 
gether of  the   raeduUated  variety.     Amoug    the    peripheral    nerves, 
non-medullated  fibres  are  most  abundant  in  those  of  the  sympathetioi 
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tern,  where  they  were  first  discoverod,  and  where  they  often  conati- 
a  mujorily  of  all  the  nerve  fibres  present.  In  the  trunks  and 
branches  of  the  cerehro-spinal  eystem  they  are  miitb  less  numerous, 
but  vary  in  proportion  in  different  nerves  and  in  different  species  of 
anirnala.  In  all  cases,  nerveu  consisting  mainly  or  exclusively  of  medul- 
lated  fibres  have  an  opaque,  white,  jrUstening  aspect,  due  to  their  niye- 
line;  while  those  containing  non-nicdullated  fibres  are  grayish  or  semi- 
transparent,  according  to  the  proportion  of  these  fibres  in  their  tissue. 

All  the  medullatod  nerve  tibrerf  lose  their  niyelino  and  become  non- 
mcdullaied  shortly  before  their  termination  in  the  muscular  tisi^ue  or 
the  organs  of  sensibility;  and  they  are  also  non-meduUated  at  and  near 
their  termination  in  the  gray  matter  of  the  brain  and  spinal  cord.  In 
these  situations  the  nerve  fibre  is  reduced  to  a  glmple  axis  cylinder,  by 
which  it  is  connected  with  tho  peripheral  and  central  organs  of  the 
nervous  gystem. 

Course  and  Mutual  Relation  of  the  Nerve  PibreH. — In  the  white 
^Hib^tanco  of  the  brain  and  spinal  cord  the  nerve  fibres  form  continuous 
[iftmcts,  lying  in  close  apposition  with 
each  other,  en vcloptrd  only  by  a  deli- 
cate granular  and  finely  fibrillated 
micrvcning  material.  But  on  emerg- 
ing from  the  bony  cavities  of  the 
cranium  and  vertebral  canal,  they 
are  collected  into  distinct  bundles, 
each  invested  by  a  lamellated  sheath 
of  fibrous  connective  tissue,  aud  cn- 
closi'd  in  a  larger  compound  mass  by 
a  common  fibrous  sheath  or  "neuri- 
lemma." Such  a  compound  bundle 
is  called  a  nerve,  and  the  fihres  whkli 
it  contains  are  distriljiited,  after  :i 
longer  or  shorter  transit,  usually  to 
associated  organs  or  ac^acent  regions 
of  the  body. 

So  far  as  our  observation  exteiitir!, 
the  individual  nerve  fibres,  as  a  rule, 
arc  continuous  and  independent,  from 
their  origin  in  the  nervous  centres  to 
within  a  short  distance  of  their  pe- 
ripheral termination.  When  a  nerve 
divides  into  several  branches,  or 
when  adjacent  nerves  commuuicate    DmaioN  or  »  nmvom  muwu  (a>.  into  iu 

-        .  ,      .  .  uUluuit«  fibrva,  6.  c,  cl,  *, 

by  inosrulntion,  as  m  tho  cervical, 

bmchial,  or  lumbar  plexuses,  it  is  beeausc  certain  fibres  leave  those 
with  which  they  were  associated  and  pursue  a  different  course.  A 
nerve  which  originates,  for  example,  from  the  spinal  cord,  and  passes 
down  the  arm  to  the  muscles  and  iutegumeut  of  the  hand,  contains  at 
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its  origin  all  nr  nparlv  all  the  fibres,  which  it  afterward  (Erivee  off  io 
branches  and  ramifieatious;  and  the  inosculation  of  two  nerv»'S  if 
tlVfcte'd  by  ^onu'  of  the  fibres  from  one  passing  over  to  join  the  other, 
while  some  of  those  belonging  to  the  second  may  also  cross  and  joui 
the  first.  In  whiittvtT  way,  therefore,  the  nerve  (ibrcs  are  associate"! 
in  the  trunks  ami  l>rauches,  each  may  .still  i)reserve  its  specific  and  inde- 
pendent action. 

A  nerve  usually  conrtists  of  Bcvcral  dintinet  bundles  of  fibres,  each 
bundle  envelojwd  in  its  lamellat*!d  sheath  ;  and  when  the  bundle,  after 
its  separation  from  the  trunk,  divides  into  .secondary  branches,  each 
brancii  i;<  covered  hy  a  thinner  hiiuclluled  sheath,  an  offshoot  from  that 
of  the  parent  bundle.  These  sheaths  are  lined  by  a  layer  of  flattened 
polyg'onal  endothelial  celli^,  like  tho^e  on  the  inner  surface  of  the  blood- 
vetJsel-s.  As  the  branches  sire  reduced  in  size  by  repeated  stjbdivi.sion, 
their  sheaths  becunie  thinner  in  the  same  propvirtiou,  by  a  diminution 
in  the  numlHT  of  lamella;  of  which  they  are  composed ;  and  in  those 
containing"  but  few  nerve  libres,  the  sheath  consists  of  a  single  endo* 
thclisil  layer.  This  tratispiirent  envi-lo|H',  surrounding  the  smallest  rami- 
fications of  the  nerves,  is  known,  from  the  name  of  its  discoverer,  as 
the  "  sheath  of  Henle."  Each  fiulividual  nerve  fibre,  after  separating 
from  the  rest,  to  run  an  independent  course,  is  also  accompanied  by 
such  a  sheath,  of  aliont  double  its  avni  diameter,  in  which  it  lies,  sur- 
'founde<l  by  lymph  or  a  lymph-like  fluid. 

An  isolated  nerve  fibre,  passing  through  the  tissues  toward  its  termi- 

|satiou,  is  therefore  covered  by  two'  envelopes,  quite  distinct  from  each 

'other.     One  is  its  ttibiilnr  membrane,  or  ''  sheath  of  Schwann."  which 

I  iB  part  of  the  fibre  and  closely  invests  its  surface ;  the  other  ia  ibe 

"sheath  of  Henle,"  which  Is  an  adventitious  tube,  of  larger  size,  and 

separated  from  it  by  an  appreciable  space. 

Periph^raf  Termination  of  the  Xerre  Fibres. — Near  their  peripheral 
termination,  the  nerve  fibres  present  certain  important  modiBcatious 
both  in  structure  and  arrangement. 

First,  the  smaller  branches,  or  bundles  of  nerve  fibres,  after  penetra- 
ting the  tissues,  suddenly  divide  and  subdivide  with  unusual  rapiditv; 
^and  these  subdivisions,  uniting  with  each  other  by  inosculation,  form 
plextiaeii,  from  which  are  given  of  irndividuul  fibres  to  supply  the  ana- 
[tomieal  elements  of  the  tissues.  In  the  skin  there  arc  two  such  plex- 
uses, a  deeper  and  a  more  superficial,  of  which  the  latter  is  the  more 
closely  set  and  composed  of  snialh^r  bundles,  containing  only  one  or 
two  fibres  each.  As  a  rule,  in  all  tissui;s,  the  .'^eeinid  or  terminal  plexus 
is  the  ^DGst.  inclosing  between  its  meshes  the  narrowest  interspacesL 
The  nerve  fibres,  on  reaching  the  terminal  plexus,  are  also  reduced  in 
size,  being  diminished  holh  in  the  skin  and  in  the  muscles  from  10  or 
15  mmm.  to  4  or  5  mmm,  in  diameter.  According  to  KoUiker  it  is 
sometimes  possible  to  observe  a  diminution  in  size  of  single  nerve 
fibres  in  different  parts  of  the  muscular  tissue. 

Secondly,  both  in  the  terminal  plexus  and  in  the  branches  given  off 
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from  them,  the  nerve  fibres  themselves  undergo  division  ;  so  that  a 
isin^le  fibre  in  this  situation  iiiuy  K"ive  rise  to  two  or  more  branches, 
fiich  brmif'h  rftaining  dll  th<^  original  anatomicnl  characters  of  the  uerve 
fibre.  Such  a  division  of  uiTve  fibres,  aeconlinjr  t:o  Ranvier,*  is  occa- 
HionaUy  visible  in  the  smaller  trunks  and  branches,  as  in  those  of  the 
>*pleeTi  Bud  even  soinetiuies  in  the  nius>cular  nerves; 
but  in  general  it  only  occurs  in  the  immediate  neierh- 
borhood  of  their  final  distribution.  Here,  on  the  other 
band,  it  is  very  frequent.  The  division  always  takes 
place  at  an  annular  con.strietion.  Th<*  axis  cylinder 
divides,  usually  at  an  acute  an>rle.  into  two  or  more 
secondary  axi^.  cylinders,  each  of  w  hich  iM^conies  at 
once  envelojHjd  by  a  medullary  layer,  like  that  above 
ibe  constriction  ;  and  each  secondary  nerve  fibre  is  at 
first  nearly  or  quite  equal  in  diameter  to  that  from 
which  it  was  derived.  But  after  several  successive 
divisions  the  fibres  are  diminished  in  avera.ere  di- 
ameter ;  and  at  the  sauK"  time  the  annular  constric- 
tions are  more  frequently  re|K?aled.  In  the  small 
nerve  fibres,  aecordinffly,  near  their  ptTii>biTaI  termi- 
nation, the  inter-annular  sif^Muents  are  shorter  and 
more  nunjerous  than  in  the  large  fibres  of  the  ner- 
vous trunks  and  branches. 

A  nerve  fibre  may  thus  pasH  undivided  thnmg'houl 
the  roots,  trunk,  and  prineipnl  branchcti  and  ramifiea- 
tions  of  the  nerve,  and  may  then,  shortly  l>efore  its 
t<'rmination.  break  up  into  a  number  of  separate  but 
closely  adjacent  stcmidary  fibres,  It  has  been  esti- 
mated by  Reichert,  that,  in  the  sulicutaneous  mu.seles  of  the  frog,  on^ 
primitive  fibre  may  jrive  ris*}  by  its  division  t»»  about  30  teruvinal 
extremities. 

Thirdly,  the  nerve  fibre,  near  its  peripheral  cxtn-niity,  loses  its  medul- 
lary layer,  and,  consequently,  its  double  contour.  As  the  sheath  of 
Schwann  also  disappears,  the  nerve  fibre  finally  con.sists  only  of  the 
%si£  cylinder,  which  near  its  extreme  point  of  termination  somctiniea 
i^Khibits  a  fine  lonvritudinal  striation,  indi«otin>r  the  existence  of  minute 
fibrillar  united  with  each  other. 

The  termination   of  nerves  in   the  semntive  integument   has  lieen 
most  smxessfully  studied  in  the  "Pacinian  bodies"  of  the  skin  and 
5ntery,  and   in    the  "nnd-bulbs"  of  the  conjunctiva.      In    these 

lies,  both  in  man  and  animals,   there  is  a  g'eneral  resemblance  in 
the  arrangement  of  the  parts,  together  with  variations  of  detail  in  dif- 
ferent species  and  different  situations.     They  all  consist  of  an  ovoidal- 
shaped  mass,  surround(*d  by  single  or  multiple  capsules,  which  are 
isions  of  the  lamillat«d  slii-ath  of  the  nerve  branch  supplying  them, 

of  the  sheath  of  Henle  accompanying  its  finest  ramifications.     They 

*  Histologie  du  Systdme  Nerveax.    Parii^  1878,  tome  iL,  pp.  100,  S68. 
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contain  a  fluid  or  ficmifiuid  interstitial  eabstance,  in  which  the  ternilnal 
ncTvc  fibre  in  enclo.s<Ml  and  in  wliich  it  vmh,  either  by  expaoFion  into 
the  ao-ealkid  "  loruiinal  buds,''  or  by  the  indefinite  disappearance!  of  it« 
fibril  la;. 

The  Pacinian  bodies  of  the  hands  and  feet  in  man,  and  in  correspond- 
ing situiitions  in  many  of  the  qumlmiM'ds,  are  from  1  to  4.6  millimetres 
in  length.     Their  substauce  is  enclosed  in  numerous  concentric  cap- 
sules, each  of  which,  according  to  Key  and  Rctzius,*  is  a  continuation 
of  the  lamella tc'd  giheath  of  the  nerve-branch,  and  is  furnished  with  a 
double  hiyer  of  polygfinal  nucleated  endothelial  cells,  like  those  in  the 
lamelluted  sheath  itself.     At  the  central  part  of  the  Pacinian  body  the 
capsules  are  absent,  leaving  a  narrow  elon- 
gated space,  known  as  the  "  interior  bulb," 
eurrnunded  by  an  endothelial  lay fr  continuous 
with  that  of  the  f^heath  of  Ilenle.     Into  this 
interior  bulb  the  ultimate  nerve  fibre  pcne- 
ll^J^^     trates,  often  after  repeated  division  of  its  |>areDt 
fibre,  and  at  the  same  time  becomes  divested 
of  its  nit'dnllary  layer.    The  cylinder  axis  then 
runs  longitudinally  through  the  central  part 
of  the  interior  bulb  toward  its  peripheral  ex- 
[  tremity,  where  it  exhibits  a  fibrillat^d  appear- 

pKKii-MEiiAL  fcxTHi  MiTYdFTUE  ancp,  Bod  ends  in  one  or  more  fungus-like  tuft*. 
ii.TKttt..uB<ii.B«vA  p*rtsiAN  or  "terminal  iiuds,"  which  appear  like  rudiated 

Body  ;  showlnc  the  fihriHited  ,  *  * 

testiire  of  the  »ila  cylinder  and   eXpaDSlOUS  of  itS  Component  fibnll®. 

iKcjr  »tid  Ti^p  end-bulbs  in  the  conjunctiva  are  sitiiibr 
in  form  to  the  Pacinian  bodies,  but  of  mnch 
smaller  size,  measuring  in  nian  fnim  oite-lhini  to  one-half  a  millimetre 
in  length.  They  have  only  a  single  capsule,  continuous  with  the  sheath 
of  Ilenlc  accompanying  the  nerve  fibre.  The  nerve  fibre,  as  in  the  fore- 
going description,  loses  its  medullary  layer  after  reaching  the  base  of 
the  bulb,  and  enters  its  interior  as  a  pale,  slender  axis  cylinder.  In  the 
calf,  the  axis  cylinder  sometimes  runs  nearly  straight  through  the  bulb 
toward  its  farther  extremity,  where  it  terminates  in  a  fungus-like  tuft, 
like  those  of  a  Pa^iinian  body.  In  man,  it  makes  a  number  of  turns 
within  the  bulb,  wht-re  it  finally  disappears,  apparently  by  dispersion 
of  its  fihrilla?. 

The  termination  of  nerve  fibres  in  muscular  tissue  has  been  studied 
in  many  animals,  both  in  the  fresh  condition  and  with  the  aid  of  stain- 
ing and  hardening  prffiarations.  No  oni*  of  those  methods  has  been 
found  to  demonstrate  fully  the  anatomical  features  of  the  nervous  ter- 
mination ;  but  by  combining  the  results  obtained  from  all,  histologists 
have  acquired  a  certain  degree  of  knowledge  in  this  respect,  which  may 
be  summed  up  as  follows.  In  general,  a  striped  muscular  fibre  is  sup- 
plied with  only  a  single  ultimate  nerve  fibre;  but  this  nerve  fibre,  on 

*  Anatnmte  defl  Nerveasyateuui  und  des  Bindegewebtw,  Stuckiiulin,  187(3.  Zveite 
Halfte,  p.  176. 
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passing  l)cneath  the  sarcolemma,  divides  into  a  terminal  arborization, 
which  lies  in  contact  with  the  striated  muscular  nurface.  The  stimulus 
conveyed  throii^'h  a  siuitifle  iiorvr  fibre  is  thus 
cumaiunicated  to  the  contnurtlle  subi^taucc  of 
the  muscle  at  luany  difienmt  points.  With  the 
exception  of  some  variations  of  form  in  differ- 
ent spt»eies,  the  details  uf  tiie  must'uhir  termi- 
ftion  of  nerve  fibres  are  essentially  the  same 
reptiles,  birds>  and  mammalians.  As  the 
ultimate  nerve  fibre  reaches  the  paint  of  its 
attarhfnent  to  the  muscle,  the  sheath  of  Henle, 
with  which  it  was  surrounded,  Uaves  it  and 
becomes  continuous  with  the  sarcolemma.  At 
the  same  time  it*  medullary  layer  terminates, 
in  the  u^ual  way,  at  an  annular  constriction. 
That  portion  of  the  nerve  fibre  immediately 
outside  the  sarcolemma  is  its  last  inter-anuu- 
Hr  BegTuent;  and  within  the  sarcolemma  the 
axis  cylinder  is  destitute  of  myelinc.  At  this 
situation  the  axis  cylinder  breaks  up  into  its 
terminal  arborization ;  and  it  is  the  form, 
direction,  and  frequency  of  these  ratnifieations 
which  constitute  the  main  differeucos  in  this 
respect  hetwi-e'ti  dinVroiit  animals.  Each  mem- 
ber of  the  terminal  arborization  is  surrounded 
by  a  light  zone  of  ^anular  matter,  io  which 
lurpe  flat  ovnl  nuclei,  with  well-mnrked  nu- 
cleoli, are  imbedded.  The  only  parts  of  the 
nerve  fibre  therefore  in  immediate  contact 
with  the  contractile  muscular  substance  are 
those  derived  from  the  ramification  of  its  axia 
cylinder. 

Pfij/giological  Properties o/the  Nerve  Fibres. 
— The  nerve  fibres  are  channels  of  communica- 
tion Ix'tween  the  nervous  centres  on  the  one 
hand  and  the  peripheral  organs  on  the  other. 
For  this  purpose  they  are  endowed  with  a 
special  irritability  by  which,  when  excited  at 
one  end,  they  tran.sndt  the  impulse  throughout 
their  entire  lenpth,  aud  produce  an  effect  at 
the  opposite  extremity.  Those  distributed  to 
the  skin,  when  excited  at  the  periphery,  pro- 
duce in  the  brain  a  correspoudinp  .sensation. 
On  the  other  hand,  those  distributed  to  the 
tiiuseleg,  when  excited  *at  their  origin  by  the 
impulse  of  the  will,  cause  contraction  in  the 
moscular  fibres.     This  action  produces  no  visible  change  in  the  nerve 
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fibre,  its  effects  being  manifest  only  in  the  organs  where  it  t<^nniI)atttL 
Nevertheless,  it  is  evi<kMit  that  th<'  fibre  nerves  to  communicate  in 
some  way  an  action  from  one  extremity  to  the  other ;  since,  if  it  be 
divided  in  any  part  of  its  course,  the  conmmnieation  ceases,  and  sensa- 
tion can  no  longer  U'  perceived  from  im- 
pressions mailc  on  the  skin,  nor  voluntary 
contraftion  excitol  in  the  muscles. 

Owing  to  the  different  effects  thus  pro- 
dutred  at  their  extremities,  the  nervea  and 
nerve  fihre.s  are  di>tinguLshed  by  differeui 
names.  Those  wliieh  trausnnt  the  stimu- 
lus of  aensation,  from  the  periphery  to 
the  centre,  are  called  sensitive  nerves  or 
nerve  fibres;  those  which  transmit  the 
stimulus  of  motion,  from  the  nervous 
centre  to  the  muscles,  are  called  mrdor 
nerves  or  nerve  fibres.  As  a  rule,  both 
sensitive  and  motor  fibres  are  associated 
in  tlu'  san>e  bundle,  and  separate  from 
each  other  only  near  their  final  distribu- 
tion. But  in  some  situations,  near  the 
origin  of  the  nerves  as  well  as  near  their 
terniinntion,  thesi-nsitive  and  motor  fihrci? 
run  in  distinct  bundles :  .<»s,  for  example, 
in  the  two  roots  of  the  fdYh  pair  of  cranial 
-A.  Sheath  of  Hcni^.  gurrouj.ding  nervcs.  and  in  those  of  the  spinal  nervcf 

the  nerre  fibre.  6,  Annul»rct»n»irle-  mi       /•!  «     i         •  ..i 

tion,  tnd  dtvieion  of  the  nprve  flj.re.   generally.     TIjc  fibres   Ix-longing  to  the 
m.  Last  intcrmumiiii*  wt-innent   r.  facial  nervc  urc  all  motor  fibres,  making 

Terminal  artjorUktion  of  axis CTl1n>    .,.,,,  rm 

der  beneiitii  lUe  wrcoi.mrajL   linxn-  *""^  e.xclusively  a  motor  nerve.     Those 
'^'«*^^  branches  of  the   fifth  ]>air,  on  the  other 

hand,  which  are  distributed  to  the  integument  and  mucous  membranes 
of  the  face,  are  exclusively  sensitive;  while  the  branch  of  the  samv 
nerve  distributed  to  the  muscles  of  mastication  consists  principally  or 
entirely  of  motor  fibres. 

No  essential  distinction  is  jM^rceptible,  in  anatomical  characters,  be- 
tween sensitive  and  motor  nerve  fibres.  In  nerves  which  perform  a 
motor  function,  the  fibres  ore  for  the  most  part  of  comparatively  large 
size,  averaging  15  mmni.  in  diameter;  while  in  those  performing  a 
fiensitive  function  they  are  smaller,  averaging  not  more  than  10  mram. 
in  diameter,  and  many  of  them  being  considerahly  less.  But  tbia  ii 
only  a  difference  of  numerical  ]»r<»portion  1»etweeu  the  larger  and  smaller 
fibres;  since  both  large  and  small  fibres  are  found  in  both  motor  and 
sensitive  nerves.  Even  the  motor  fibres  become  reduced  to  the  smaller 
size  before  terminating  in  the  muscular  tissue ;  and  the  nerve  fibres 
generally  are  diminished  or  increased  in  diameter  on  passing  into  or 
out  of  the  gray  substance  of  the  nervous  centres.  No  absolute  dis- 
tinction therefore  can  be  made  between  sensitive  and  motor  fibres  m 
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re^rds  ibeir  size;  and  in  the  essential  detailB  of  tbeir  stnuttuv 
nomelv,  the  tubolar  sbeath^  tiic  meduHarr  layer,  aiu!  tho  »xi&  rrliodvr. 
tbey  are  to  all  appearance  complet'ely  ititrntical. 

lyegeneraiion  and  Regeneration  of  f/ivuied  Serves. — The  imnw- 
dxat«  effect  of  dividing  nerve  fibrejt  ig  to  su^|iend  their  function.  The 
commnnication  between  their  extremities  beinp  cut  off,  the  seinsilive 
fibres  can  no  longer  transmit  an  impression  fmm  the  skin  to  the 
nervous  centre,  and  the  motor  fibres  can  no  longer  convey  a  stimulas 
of  motion  from  the  nervous  centre  to  the  musclei?.  Thiii  paralysis  of 
motion  and  sensibility  foUowb  instantaneotiety  upon  the  divi^^ion  of 
the  nerve  fibres. 

But  in  addition  to  this  result  there  al»io  takers  place,  in  the  -teparated 
portion  of  the  nerve,  a  structural  dejreneration  of  its  fibres.  The  first 
indication  of  this  ohanpe  ij*  visible  in  the  nietluUury  layer.  It  divides. 
In  the  couTi*e  of  each  interannular  seg-ment.  into  two,  three,  or  four 
distinct  masses,  the  intervals  between  which  are  occupieii.  awarding 
to  Ranvier,*  by  a  new  prowth  of  nearly  tn>nspnrent,  finely  itrranular 
albuminous  matter  ft-om  the  inner  surface  of  the  sheath  of  Schwann; 
which  is  already  suffi<Ment,  in  the  rabbit,  at  the  end  of  forty-eicht 
hours,  to  fill  at  certain  points  the  whole  calibre  of  the  sheath.  The 
division  of  the  medullary  layer  goes  on  until  it  is  entirely  broken  up 
into  globular  masses  of  varying  size,  scattered  irregulnrly  through  the 
HUbstance  of  the  fil»re,  and  completoly  obscuring  its  normal  structure. 
By  this  process,  the  continuity  of  the  medullary  layer  is  destroyed,  Its 
myeline  being  reduced  to  the  condition  of  isolated  oily-looking  drops, 
and  gradually  transformed  into  a  diffused  granular  mixture.  Finally, 
the  granules  themselves  fllsappear,  and  the  tubniar  sheath,  partially 
enjptied  by  the  atrophy  of  the  medullary  layer,  becomes  collapswl  and 
wrinkled.  Owing  to  the  disappearance  of  the  myeline,  the  nerve  loses 
its  white  glistening  aspect  and  assumes  a  grayish  hue.  According  to 
the  testimony  of  all  ree««nt  observers,  degeneration  goes  on  at  the 
same  time  in  the  axis  cylinder.  This  portion  of  the  fibre  is  enveloped 
and  encroached  upon  by  the  growth  of  new  matter,  its  continuity  is 
broken  at  various  points,  its  separated  fragments  are  bent  or  folded 
upon  themselves,  and  at  last  can  no  longer  Ik*  made  visiblo  by  the 
staining  action  of  a  carmine  solution.  Thus  all  the  structural  elements 
of  the  nerve  fibre,  excepting  the  sheath  of  Schwann,  undergo  a  degen- 
eration which  results  in  complete  atrophy. 

The  rapidity  with  which  this  change  takes  place  varies  with  the 
spedee  and  ago  of  the  aninml.  It  is  less  rapid  in  the  cold-blooded, 
more  no  in  the  warm-bloodtnl  species.  It  goes  on  more  quickly  in  the 
young,  more  slowly  in  full-irrown  animals.  According  to  Vulpian,  in 
young  dogs,  as  a  rule,  the  disappearance  of  the  medullary  layer  is 
complete  in  six  weeks  or  two  months  from  the  date  of  the  injury. 

The  degeneration  of  the  fibres  of  a  divided  nerve,  whether  eeneitive 
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or  motor,  extends  througliout  their  entire  length  beyond  the  point  of 
division  to  thrir  peripheral  tern»itiatio!is.  Vulpian*  found  that  in 
dogs,  six  weeks  Bftcr  division  of  the  sciatic  nerve,  no  unaltered  oerve 
fibres  could  be  discovered  in  the  muscles  of  the  corresponding  foot. 
According  to  the  same  observer,  the  alteration  is  siniultnneou.s,  or 
nearly  so,  in  all  parts  of  the  uerve  beyond  its  division ;  lieiiig  do 
further  advanced  near  the  point  of  section  than  toward  the  periphery 
If  there  be  any  difler^nce  in  this  respect,  the  degeneration  iippeiirs  to 
be  more  rapid  at  the  terminal  extremity  of  the  nerve ;  since,  in  the 
experimontH  of  Ranvier,  on  the  rabbit,  forty-eight  hours  after  division 
of  the  sciatic  nerve,  its  terminal  fibres  in  the  muscles  of  the  leg  con- 
tained only  separate  masses  of  myeline  in  the  form  of  oily  dropa 

The  degeneration  of  divided  nerve  fibres  involves  the  loss  of  their 
physiological  properties,  Immediutely  after  the  division  of  a  motor 
nerve,  the  resulting  paralysis  is  due  only  to  its  local  discontinuity  at 
the  point  of  section,  which  arrests  the  passage  of  a  nervous  stimulus 
coming  from  the  brain;  and  a  galvanic  current  applied  to  the  uerve 
below  its  division  will  still  produce  contrattlou  iu  the  mus<;les  to  which 
it  is  distributed.  So  long  uh  this  can  lie  d<»ne,  it  shows  that  the  ncrvi*, 
though  separated  from  the  central  parts,  still  retains  ita  irritability, 
and  is  capable  of  responding  to  a  .stimulus  by  muscular  action.  But 
after  a  time  this  property  disappears.  In  the  rablut,  the  irritability 
of  a  divided  nerve  is  lost  iu  forty-t^i^bt  hours,  in  the  pigeon  at  the  end 
of  three  days,  and  iu  the  dog  at  the  end  of  four  days;  while  in  the 
frog  it  persists  more  or  less  for  thirty  days.  These  variations  eurre" 
syxjnd  with  the  rapidity  of  degeneration  in  the  uerve  fibres:  and  by 
comparative  ob.servations  on  different  animals.  Ranvier  has  shown  that 
in  all  cases  the  disappearance  of  irritability  of  the  nerve  corres|H)ads 
in  time  with  the  loss  of  continuity  in  the  axis  cylinder.  This  cor- 
rnborates  a  conclusion  derived  from  oiher  sources,  namely,  Ihot  the 
axis  cylinder  is  the  essential  elfment  of  ihe  nerve  fibre,  through  which, 
its  physiological  action  is  transmitted. 

A  nerve,  accordingly,  some  days  after  its  division,  has  lost  both  it«| 
physiological  jurofM-rties  and  its  anatomical  structure.    It  can  no  lonjrer 
convey  sensitive  impressions  from  the  integument,  and  it  is  incapable 
of  exciting  muscular   contraction.     But  this  loss  of  function  is  ooti 
permanent.     After  a  time   the  divided   nerve  may  reunite,  and  il« 
power  of  communication  may  be  restored.     This  is  shown,  not  only 
by  the  consolidation  of  its  divided  extremities  and  the  reappearance 
of  its  normal  physical  aspect,  but  also  by  the  reestablishmcnt  of  ita; 
functions.     The  portions  of  integument  which  had  lost  ibeir  Hex 
bility  again  become  sensitive  to  external  impressions,  and  the  power  I 
of  voluntary  motion  returns  in  the  pnralyztd  muscles.     This  takes 
place  by  a  regeneration  of  nerve  fibres  in  the  affected  nerve  beyond 
the  point  of  division.     All  observers  are  now  agreed  that  the  nerve 
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fibres  thus  pr«>diic'«'d  arc  fibri's  ol'  new  formation.  The  old  fibres  have 
completely  disappeared  tlirou^jhout  the  iKriphera!  romilieations  of  ibe 
ncTvv.  and  their  place  is  taken  by  others  of  t^ubsequent  prowtb. 

The  details  of  thi.s  regeneration  are  not  fully  known  ;  bu(  its  essen- 
tial charaeters,  bo  far  as  they  hnve  l>een  aseerlained,  are  as  follows: 
Tht*  new  fihrps  beptn  to  show  Themselves  in  the  divided  nerve  before 
the  complete  disap])carance  of  the  old  medtillary  jcranuleR.  They  are 
alwsvH  smaller  than  the  avera^'c  size,  and  their  interannular  segments 
are  shorter  than  in  the  fully  developed  eondition;  but  in  other  respeet? 
their  Ktrueture  h  normal,  and  even  wiu-n  v<'ry  elender  they  exhibit 
annular  coDstrictions,  and  a  distinct  medullary  layer,  capable  of  \)e'mg 
stained  by  perosniic  acid.  They  ffradually  increase  in  diameter,  und 
in  the  thickness  of  their  medullary  layer ;  and  when  the  [iroee^s*  of 
regeneration  h  complete,  the  nerve  again  presents  its  normal  whiteness 
and  opacity. 

There  is  some  uncertainty  as  to  the  direction  in  which  the  grrowth 
of  new  fibres  takes  place.  By  several  histolojsrists  it  is  maintained  that 
the  regenerated  axit^  eylin<lerK  are  ollshootji  from  those  in  the  central 
undejren crated  extremity  of  the  nerve ;  their  growth  extending  thence 
into  the  peripheral  portions!.  But  this  opinion  is  based  only  on  analogy, 
from  a  similar  growth  of  embryonic  nerve  fibres  in  the  tail-nienibrane 
of  the  tadpole,  and  doe.s  not  ro-:t  on  any  certain  results  of  direct  obser- 
vation. It  is  possible  that  the  new  tibri's  may  grow  simultaneously 
throughout  the  separated  portion  of  the  nerve,  increasing  everywhere 
in  development  until  their  normal  structure  is  attained.  From  numer- 
ous obeervation.s  on  this  subject,  it  was  the  conclu.>*ion  of  \'idpinn* 
that  the  regeneration  of  the  fibres  at  any  given  time  is  the  same  at  ail 
points  in  the  separated  portion  of  a  divided  nerve.  Vulpinn  and.rhiliiv 
pcaux  have  also  found  that  if  the  hypoglo.ijsal  or  the  lingual  nerve  be 
divided,  and  the  central  portion  extracted,  so  that  no  cuniiiiunieation 
can  be  reestablished  with  the  nervous  centres,  the  peripheral  portion 
may  be  regenerated  in  the  usual  manner,  notwthstanding  its  perma- 
nent strparation  from  the  central  extremity.  This  would  show  that  the 
power  of  regcn'Tation  resi<le.>  in  the  nerve  itself,  the  materials  being 
supplied  by  the  nutritive  plasma  of  its  own  tissues. 

The  rapidity  of  regeneratii)n  in  the  fibres  of  a  divided  nerve,  and 
the  length  of  an  excised  portion  which  may  Ix^  restored,  vary  with  the 
age  and  six'cies  of  the  animal.  According  to  Ranvier,  after  simple 
division  of  a  nerve,  in  the  rabbit,  regeneration  is  in  full  progress  at  the 
end  of  nine  or  ten  weeks,  though  many  of  the  new  fibres  are  of  loss 
than  the  average  diameter.  Vulpian  found,  in  very  young  animals,  a 
loss  of  nerve  substance,  froni  one  to  two  centimetres  in  letigth,  restored 
at  the  end  of  six  weeks;  and  in  young  ruts  a  portion  of  the  sciatic 
nerve  six  millimetres  long  was  reproduced  in  8eveutccn  days.  In 
adult  animals,  and  especially  in  man,  the  retitoration  of  divided  nerves 
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is  much  less  rapid.  When  Pinall  ricrvaiip  hranchep  snpplyinff  the  sltin 
have  been  cut,  the  loss  of  tactik*  sensibility  in  the  imiue(liai<<!  neiphbor- 
hood  often  persisfts  for  weeks  or  months  after  the  healing  of  the  wound. 
Restoration  may  sonietinnes  tnkt-  plaee  in  Inrpcr  nerves,  as  in  a  t«se 
reported  by  L'Etie'vaut,*  where  the  median  nerve,  in  a  man  twenty-six 
years  of  ajre,  was  divided  at  the  upper  third  nf  the  arm.  The  power  of 
motion  and  sensibility,  in  the  parts  supplied  by  this  nerve,  reDmine<i 
abolished  for  ten  months,  l>ut  bejiran  to  rt-appear  in  fi»urle«?n  months, 
and  were  nearly  restored  at  the  end  of  a  year  and  a  half.  But  aecorU- 
ing  to  both  L'EfiA'aut  and  Mitcholl,f  when  the  injured  nerves  in  man 
are  of  considerable  sixe,  the  restoration  of  function,  as  a  ^jenerol  rule, 
is  either  very  imperfect  or  does  not  take  place  at  all. 

Nerve  Cells. 

The  nerve  cells,  the  characteristic  anatomical  element  of  the  gray 
Bubatance.  are  irregularly  rounded  bodies,  consisting  of  a  soft,  nearly 
transparent,  finely  granular,  albuminous  matter,  with  a  large,  distinctly 
marked  nucleus  and  nucleolus.  They  often  contain  in  addition  yellow- 
ish-brown pigment  grains,  imbedded  in  the  substau'-e  of  the  cell.    They 

vary  in  size  in  ditTercnl  n'gions.  The 
smaller  cells,  fVom  10  to  20  inmm.  in 
diameter,  arc  found  in  the  ganglia  of 
the  sympathetic  system,  parts  of  the 
cerebral  heniispberes,  and  the  jiostcHor 
hornn  of  gray  matter  in  the  spinal  cord. 
The  larger,  from  40  to  60  mmm.,  are  in 
the  cerelielluni  and  the  medulla  oblon- 
gata; and  the  largest  of  all  an:  in  the 
anterior  horns  of  gray  matter  of  the 
spinal  cord,  where  they  sometimes  reach 
the  diameter  of  1.30  or  135  mmm.,  or 
seventeen  times  the  size  of  the  Pcd 
globules  of  the  blood. 

The  nerve  cells  are  especially  didtin- 
guished  by  their  processen.  These  are 
narrow  ofl'shoots  from  the  bo<ly  of  the 
cell,  consisting  apparently  of  the  .^ame 
finely  granular  albuminous  material. 
Their  number  varies  in  different  parts.  In  the  Gasseriau  ganglion  and 
the  spinal  ganglia  of  man,  as  well  as  in  those  of  the  dog,  cat,  rabbit, 
and  frog,  the  ncrvo  colls  have  each  only  a  single  process.  In  the 
sympathetic  ganglia  in  man  they  have  several ;  and  in  the  gray  anb- 
stance  of  the  brain,  medulla  oblongata,  and  spinal  cord  each  cell  preiwnt* 
from  three  or  four  to  seven  or  eight  processes,  running  in  various 
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GENERAL   STRUCTURE    OF    THE    NERVOUS    SYSTEM, 


■       El 

I 


I 


FiQ.  92. 


directions.  At  a  certain  didtance  from  their  orig-in,  th(>  procenses  ari' 
rtfti'D  branched,  the  brunches  again  dividinj«^  and  subdividing  until 
PiHluoed  to  a  ranuTicatiou  of  (<lcndor  filaments.  But  in  many  instances, 
on  the  other  hand,  tht-  cell-prucc\sg  vxtends  for  a  considerable  distance 
without  division,  at*  a  nearly  cyHndrif-al  or  flattened  tilanient,  similar 
io  appearance  to  the  axi!<  cylinder  i>f  a  nerve  fibre. 

Each  nerve  cell,  in  itH  normal  situation,  i.s  contained  in  a  <«beath  or 
ule,  consiHting  of  a  thin,  colorless,  homogeneoui>  membrane,  with 
oral  nuclei  on  ita  inner  surface.  In  the  fresh  condition,  the  cell  nearly 
fills  the  cavity  of  its  capHule ;  but  in  preparatinn.s  obtained  with  hard- 
ening fluids  there  is  usually  more  or  leas  shrinkage  or  condensation  of 
the  cell  substance,  so  that 
it  appears  surrounded  by 
a  vacant  s])ace,  limited  by 
the  inner  surface  of  the 
capsule  (Fig.  92).  The 
ccll-proceias,  as  it  emergog, 
is  accom[jauied  by  a  tubu- 
lar prolongation  of  the 
capsnle,  in  which  it  \ie» 
enclosed. 

Connection  between 
JVerif?  Fibretf  and  Neri'c 
Cells. —  In  all  cases  the 
nerve  fibres  are  connected 
at  their  central  origin  with 
deposits  of  gray  substance, 
into  which  they  penetrate 
and  in  which  they  pursue 
an  intricate  course  l)e- 
tween  itsi  nerve  cells.  It 
i><  very  difficult  to  distin- 
guish the  final  connection 
of  the  two;  since  in  the 
dilaceration  of  fresh  speci- 
mens, both  the  fibres  and 


Nkrve  Celia,  froin  aplbkl  and  ajrinpaVbetic  gaoglU  of 
man,  eDcloMd  in  tbelr  rmpmilar  sbeatbs.  From  hudeavd 
prepmUona     (Key  and  RaUiua.) 


the  cell-procesees  are  easily  torn  off;  and  in  transparent  sections  of 
hardened  specimens,  a  nerve  fibre  seldom  follows  the  exact  plane  of  the 
section  for  any  considerable  distance.  But  by  a  combination  of  both 
mcthofl-s  it  has  been  shown  that  the  nerve  fibre  is  in  many  cases  a  con- 
tinuation of  the  cell-process,  and  this  continuity  is  so  frequently  visible 
that  it  may  be  regarded  as  the  normal  mode  of  connection  between 
nerve  fibres  and  nervu  cells. 

This  connection  is  often  extremely  probable,  in  the  spinal  ganglia 
of  man  and  mammalia,  from  the  appearance  of  th»'  cell-process,  which 
soon  after  its  origin  resembles  so  completely  an  ordinary  axis  cylinder 
that  there  ia  no  pcroeptiblc  difference  between  them.     It  is  rendered 
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certain,  according  to  the  observations  of  Key  and  Retzius,*  in  the 
cerobro-spinal  g-anglia  of  the  rabbit,  where  thf  cell-process  follows  for 
a  titiie  a  winding  course  and  l>ccomes  covered  with  a  layer  of  myclincf 
which  may  be  rendered  peri'ectly  distinct  by  staining  with  perosmio 

acid  (Fig.  93).  It  tlmn  forms  a  complete 
nerve  fibre,  often  exhibiting  its  eharac- 
teriEtic  annular  constrictions  and  incl- 
Bious.  and  (Sometimes  dividing  into  two 
secondury  tibrcs. 

Some  cell-processes,  on  the  other  hand, 
without  acquiring  a  medullary  layer, 
join  nervous  bundles  in  the  neighbor* 
hood,  nnd  become  to  all  appearance  non- 
niedullated  nerve  fibres.  In  all  these 
instances  the  tubular  prolongation,  from 
the  capsule  of  the  nerve  cell,  is  after  a 
time  closely  applied  lo  the  e.xlerior  of 
tlie  nti'Vf  fibre,  becoming  continuous 
with  the  riheath  of  Schwann. 

A  transition  of  the  cell-procesisi  into  a 
medulliitrtl  nerve  fibre  has  been  al-^o 
found  in  the  npinal  ganglia  of  the  frog 
and  toad,  the  layer  of  myeiine  reaching 
nearly  to  its  junction  with  the  nerve 
cell.  But  it  i.«  most  di.stinct]y  marked, 
and  has  l)een  most  frecpiently  Been  in 
the  ganglia  and  trunks  of  the  trigentinud 
and  vagus  nerves  of  fiHhes,  particularly 
I  lie  pike  and  lamprey.  In  thrsc  situa- 
tions there  are  scattered  nerve  cells  of 
jicculiur  form ;  namely,  elongated  or 
uvoidul,   witti  a  nerve  process  at  each 

Nerve  C£LI.,  wilh  axis  ryllnder  iiriKE»i.<i         .  ..  rni  ^i  ii    j  .    i.> 

and  medaiueod  n.rv.  fli.re  <iti*eh«i ;  cxtremitv.  They  are  thence  called  b»- 
itAincd  vitb  p«Fonuk' Kia.  From  Ob*- polar"  cella.  In  the  pike,  the  m«'diil- 
serlon  nagiloD  of  tbv  rabbit.  (Key  aud  i  •   _  i      ^u  uu 

•*    "  ^    '        lary    layer    surrounds   the   nerve   nbro 


Betsius.) 


quite  to  its  origin  from  the  cell ;  aod  it  | 
sometimes  extends  over  the  cell  itself,  which,  as  well  tui  the  nerve  fibre, 
is  thus  invested  with  a  layer  of  myeiine.  These  bipolar  cells,  as  w^ell 
as  similar  ones  observed  in  the  auditory  nerve-trunk  in  fishes,  some- 
times appear  hardly  more  than  nucleated  enlargements  of  the  axis 
cylinder;  and  they  are  generally  stluated  about  midway  Ijctween  two 
annular  constrictions.  In  tht-  lamprey,  the  nerve  fibres  arc  non-modul- 
latcd",  but  they  arc  connected  with  bipolar  cells  in  the  ganglioit  of  the 
trigeminus  and  in  the  trunk  of  the  auditory  nerve,  in  the  same  mauarf 
at!  above  described. 


*  Anatomie  dea  Nervensyatema  und  des  fiindegeweb«s.   Stockholm.  TSTrt,   Zwflie 
Hdlfte,  p.  30. 
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These  facts  show  V>eyond  question  tho  direct  anatoniical  connection, 
in  many  instanct's,  of  the  axis  ejlinder  of  nerve  fibres  with  the  processes 
of  uervc  cells.  In  the  gray  substance  of  the  brain,  midulla  oblong:ata, 
and  spinal  cord,  in  man  and  maunmlians,  the  nmltipolur  nerve  cellH 
often  present  certain  processes  which  assume  the  appearance  of  axis 
cylinders,  and  which  join  the  bundles?  of  fibres  running  in  the  direction 
of  nerve  roots.  It  is  prosumabie,  therefore,  that  they  become  after 
a  time  nerve  fibres ;  although  none  of  them,  in  these  last  named  situ- 
ations, have  Ix'cn  seen  invested  with  a  medullary  layer.  Accordinp"  to 
(Jerlaoh,  on  the  other  hand,  there  is  a  tract  of  gray  substance  in  the 
spinal  cord,  throughout  its  dorsal  p<irtion.  where  the  nerve  ccIIp,  though 
provided  with  branching  prolongations,  do  not  present  any  process 
resembling  an  axis  cylinder;  and  in  the  sympathetic  ganglia  of  man, 
the  dog,  and  the  cat.  Key  and  Retzius*  have  been  aide  to  follow  the 
l»ranched  celUprocet«8e8  for  conBiderable  distances  among  the  neighbor- 
ing tissues  without  ever  seeing  one  of  them  converted  into  a  medullated 
nerve  fibre.  It  is  possible  that  this  may  still  have  taken  place  beyond 
the  point  of  observation  ;  but  it  must  also  be  considered  as  doubtful 
whether  son^e  nerve  cells  have  not  a  different  anatomical  connection 
than  that  by  cell-processes  and  axis  cylinders. 

rhijsiological  Properties  of  the  Nerve  Cells. — The  nerve  cells,  and 
the  gray  substance  of  which  they  form  part,  net  as  centres,  in  which 
nervous  impressions  are  nreived  through  the  sensitive  fibres  from  the 
jieriphery,  and  from  which  a  stimulus  is  sent  out  through  the  motor 
fibres  to  the  muscles.  Every  such  collection  of  gray  substance  is 
called  a  "nervous  centre.'  While  the  nerve  fibres  accordingly  are 
organs  of  transmission,  the  gray  substance  and  its  nerve  cells  are  an 
apparatus  in  which  the  nervous  influence  is  changed  from  one  form  to 
another.  The  nervous  centre  receives  the  impressions  conveyed  to  it, 
and  ectnverts  them  into  impulses  to  Ije  transmitted  elsewhere.  How 
this  change  is  effected  in  the  nerve  cells  is  unknown;  but  it  is  evidently 
mtial  to  the  physiological  operation  of  the  nervous  system,  since 
wither  sensation  nor  movement  is  ever  excited,  in  the  normal  condition, 
through  the  nerve  fibres,  unless  they  are  in  cunmiunication  with  a 
nervous  centre. 

In  the  action  of  the  nervous  system,  therefore,  the  communication 
cstoblished  between  different  parts  of  the  body  ia  nlwaya  circuitous. 
It  poeBGs  through  a  nervous  centre,  in  which  the  impression  coming 
from  one  organ  is  replaced  by  a  stimulus  which  excites  the  other.  This 
i^  called  the  "reflex  action  "  of  the  nervous  system,  because  it  is  first 
sent  inward  to  the  nervous  centre  and  then  returned  or  reflected  in  the 
opposite  direction.  In  this  process,  the  intermediate  act  between  the 
inward  and  outward  passage  of  the  nervous  current  is  accomplished  in 
the  gray  subhtance. 


*  An.aiomic  des  NervensTBtenui  and  dei  Binde$;eveb«fl.  Stockholm,  1876-  Z«reit« 
UiUae,  pp.  125,  137. 


CHAPTER  II. 
^'^ERrou8  rnniTABiLiTY  and  its  mode  of  action. 

TUE  property  possessed  by  nerves  of  bciner  called  into  excitement 
by  a  etiniuluB  is  termed  their  "irritability."  Such  a  property 
exists  in  other  tissues  and  or^tins ;  and  each  one,  when  subjci'tcd  to 
a  stimulus  adapted  to  its  character,  reacts  in  a  way  peculiar  to  itself, 
and  produces  a  definite  effect,  Thus'  a  gland,  when  excited,  exhibits 
the  phenomena  of  s^ecretion  ;  a  muscle,  those  of  contraction.  The 
visible  result  of  irlandulnr  activity  is  the  accumulation  and  discharge 
of  the  secrett'd  fluids  ;  that  of  nnisculur  contraction  is  a  change  of  form 
in  the  niU)*cle.  and  a  movement  of  the  parts  to  which  it  is  attached. 
The  irritability  of  a  nerve,  on  the  other  hand,  is  not  manifested  by  any 
perceptible  change  in  its  own  tissue,  but  by  the  phenomena  of  sensation 
or  motion  in  the  organs  to  which  it  is  distributed. 


Irritability  of  Sensitive  Fibres. 

The  irritability  of  scnHitive  ncrvf  fibres  in  manifested  by  sensation. 
This  sensation,  however,  is  not  felt  in  the  nerve,  but  in  the  nervous 
centre  where  it  terminates.  For  if  the  communication  between  a  sen- 
sitive nerve  and  the  brain  lie  cut  off,  no  stimulus  subsequently  applied 
to  its  trunk  or  branches  will  give  rise  to  a  sensation.  But  if  this  con- 
nection be  retained,  while  thut  with  the  external  integument  is  cut  off, 
stimulantfi  applied  to  the  attached  portion  of  the  nerve  will  cause  sen- 
sations more  or  less  acute,  according  to  the  stimulus  employed.  Pinch- 
ing or  pricking  the  nerve,  variations  of  temperature,  or  the  passi^  of 
an  electric  current,  will  all  bring  into  action  its  irritability,  and  thoB 
produce  a  sensation. 

For  this  result,  however,  two  conditions  are  essential.  First,  the 
nerve  must  be,  as  above  mentioned,  in  coiumunication  with  its  uervoos 
centre ;  and  secondly,  the  nerve  fibres  niust  retain  their  irritability. 
The  irritability  of  a  sensitive  nerve  may  b<'  so  deadened  l>y  compreft- 
sion,  contusion,  or  cold,  that  no  stimulus  applied  to  the  part  will 
produce  a  perceptible  effect.  In  the  observations  of  Mitchell,*  the 
application  of  extreme  cold,  in  man,  to  the  region  of  the  ulnar  nerve 
at  the  oHm)w,  produced,  when  the  chilling  process  had  reached  a  certain 
stage,  coujplite  loss  of  sen.sibilit y  in  the  parts  to  which  the  nerve  ifi 
distributed.  The  irritability  of  a  sensitive  nerve  may  also  lie  sns* 
pended  by  injuries  not  involving  its  own  fibres.  Thus  dinsion  of 
certain  parts  in  the  brain  or  spinal  cord  may  produce  a  loss  of  sen- 
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sjbility  in  particular  regions  of  the  body,  which  disappears  after  a 
short  time,  while  other  syniptonij?,  immediately  dependent  on  th*- 
wound,  are  persistent;*  and  according  to  L'Eti^vant.f  section  of  one 
sensitive  nerve  may  suspend,  for  a  time,  the  sensibility  of  neighbor- 
ing fibres  derived  from  other  nerves. 

The  irritability  of  sensitive  nerve  fibres  may  also  be  abnormally 
increased  by  vascular  congestitm  or  local  injuries.  The  application 
of  cold,  or  liihutting  off  the  supply  of  blood  by  the  ligature  of  arteries, 
may  produce  in  the  nerve,  before  it  reaches  the  stage  of  insensibility,  a 
condition  of  unnatural  excitement,  indicated  by  pain  in  the  parts  cor- 
responding to  its  distribution. 

During  life  the  irritability  of  sensitive  nerves  is  manifested  by  con- 
scions  sensation.  After  death  it  may  be  shown  to  exist,  for  a  certain 
time,  by  reflex  actions  taking  place  in  the  spinal  cord  and  other  parts 
of  the  nervous  system. 

Irritability  of  Motor  Fibres. 

The  motor  nerves  are  especially  adapted  for  the  study  of  nervous 
irritability,  because  their  excitement  produces  a  visible  muscular  con- 
traction ;  and  this  may  take  place,  after  both  the  nerve  and  its  muscle 
have  been  se|>arated  from  the  body.  But  to  produce  this  result,  as  in 
the  case  of  the  sensitive  nerves,  two  conditions  are  requisite,  namely ; 
first,  the  nerve  fibres  must  preserve  their  irritability  ;  and  secondly, 
the  muscle  must  be  capable  of  responding  to  the  nervous  stimulus. 
Those  two  conditions  may  therefore  be  studied  in  con- 
nection with  each  other. 

Muscular  JrritabHiiij. — This  is  best  shown  in  the 
cold-blooded  animals,  in  which  it  continues  longer  than 
in  bird.**  or  mamtualians.  If  a  frog's  leg  be  separated 
from  the  body,  the  ?^kin  removed,  and  the  poles  of  a 
galvano-electric  apparatus  (Fig.  94,  a,  b)  applied  to  the 
denuded  muscles,  a  contraction  tAkes  place  each  time 
the  circuit  is  completed.  In  this  case,  the  electric 
Btiumlus  acts  directly  on  the  muscles,  and  thus  calls 
out  their  contractility.  A  single  muscular  fibre,  placed 
under  the  microscope,  may  sometimes  be  seen  to  con- 
tract for  a  certain  tim*'  after  its  separation  from  the 
neighbouring  parts.  The  muscles  may  also  be  excited 
by  pinching,  pricking,  the  contact  of  hot  or  cold  bodies, 
or  the  application  of  acid,  alkaline.  *ir  saline  solutions. 
But  the  most  efficient  and  manageable  stimulus  is  the 
electric  dischartre 

Nervoxia  Irritability. — To  exhibit  the  irritability  of 
motor  nerve  fibres,  a  frog's  leg  is  prepared,  as  in  the  preceding  experi- 
ment, except  that  a  portion  of  the  sciatic  nerve  is  retained  in  connection 

•  Verwitre  Recherches  siir  I'Hemiantt^lhfeie,     Paris,  1874,  p.  78. 
f  Tfttit^  dcs  ScctiotiB  Nerve»i»pii.     Parts.  IST.*^,  pp.  171,  192. 
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Fboo's  Lku,  witb 
the  poles  uf  a  gml- 
viitik  battery  ap- 
plied (u  the  muscles 
•t  a,  h. 
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with  the  amputated  limb  (Fig.  95).  If  the  electrodes  be  now  applied 
to  the  exposed  utTve,  and  a  euiTent  allowed  to  paea  between  tbera, 
at  the  inomcut  uf  its  passage  a  coatractiuu  takes  place  in  the  tuusck's 
bflow.  Ill  this  case  the  electric  current  acts  on  the  nervif 
alone:  and  the  nerve  excites  the  muscles  by  its  own 
\  N  »  spe<'ial  agency.  A  muscular  contraetion,  therefore,  under 
V\  1  I  the  influence  of  a  stimulus  applied  to  the  nerve,  dcmon- 
^'  '  stratos  the  nervous  irritability,  and  may  be  tued  as  • 
convenient  measure  of  its  intensity. 

The  irritubilittj  of  a  motor  nerve  continues  afUr 
death.  This  follows  from  the  foregoing  experiment 
The  irritability  of  the  nerve,  like  that  of  the  muscles, 
depends  upon  its  anatomical  structure  and  constltutioD ; 
and  80  lonj?  as  those  continue,  the  nerve  retains?  its 
physiolo^i^ical  properties.  For  the  same  reason,  nervoun 
irritubtlity  lasts  lonj^'or  after  death  in  the  cold-blooded 
than  in  the  warm-blooded  auimals.  Various  artificial  irri- 
tants may  be  employed  to  call  it  into  activity.  PinchiDir 
or  pricking  the  exposed  nerve  with  steel  instruments,  tho 
upplicatiui)  of  caustic  liquids,  and  the  galvanic  current, 
all  have  this  effect.  (Jalvanism,  however,  is  the  best 
means  for  this  purpose,  as  it  is  more  delicate  in  its  opera- 
Aoo'sLk>  with  *'^"  thao  the  others,  and  will  succeed  for  a  longer  time. 
ibQ  sciatic  nerve  Nervoiis  irrilabiliiy,  like  (hat  of  the  Tnuscfpft,  ie  rx- 
ihe  poJw''oT^a  g■^  hausted  by  repeated  excitement.  If  an  amputated  frog's 
Tunic  batKrr  (<»,  leg,  wilh  the  sciatic  nerve  attached,  be  kept  in  a  cool 
nerve*' "^  '"  '  *  placc,  protected  from  desiccation,  the  nerve  will  remain 
irritabl*'  for  many  hrturs;  but  if  excited  by  rejx'ated  stini- 
uluy,  it  soon  be<cins  to  react  with  dimiuisht'd  euergy,  and  at  last  ceases 
to  exhibit  any  further  irritability.  If  now  allowed  to  remain  at  rest,  it$ 
irritability  wilt  partially  return  ;  atid  muscular  contraction  will  again 
ensue  on  the  application  of  a  stimulus  to  the  nerve.  Exhausted  a  s»»cond 
time,  and  a  second  time  allowfd  to  repose,  the  nerve  will  again  recover 
itself;  and  this  may  be  repeated  several  times  in  succession.  At  each 
repetition,  however,  the  recovery  of  nervous  irritability  is  less  complete. 
until  finally  it  can  no  longer  be  recalled. 

Various  circumstances  tend  to  diminish  or  suspend  the  irritability 
of  motor  nerve  hbres.  As  in  the  case  of  the  sensitive  fibres,  comprea- 
sion,  cold,  or  other  similar  agencies  will  depress  the  power  of  the 
muscular  nerves,  so  that  they  can  no  longer  excite  contraction  when 
subjected  to  the  galvanic  current.  Severe  and  sudden  meebanical 
injuries  often  have  the  same  effect ;  as  where  general  relaxation,  or 
diminished  power  of  voluntary  motion,  is  produced,  in  man,  by  exten- 
sive contusion  or  laceration  of  the  limbs.  Such  an  injury  produces 
a  disturbance  or  ahock,  which  affects  the  entire  nervous  system, 
and  suspends  its  irritability;  diminishing  for  the  time  both  mus- 
cular power  and  sensibility.      It  is  only  after  nervous  irritability 
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been  restored  by  repose,  that  voluntary  motion  and  sensation  are 
reestablished. 

iHjlerertt  Action  of  the  Direct  and  Inverse  Currents. — A  galvanic 
current  which  traverses  the  nervo  in  the  direction  of  its  motor  fibres, 
namely,  from  the  centre  toward  the  periphery,  as  from  o  to  6  (Fig.  95), 
is  called  a  direct  current  If  made  to  pass  in  the  contrary  direction, 
from  b  to  a,  it  i.s  culled  an  inrer^e  current.  When  the  nerve  is  exceed- 
ingly irritable,  or  with  u  galvunic  current  of  cont*iderable  iutensity, 
muscular  contraction  takes  place  at  both  the  commeneeuicnt  and 
termination  of  the  current,  whether  direct  or  inverse.  Hut  when  the 
activity  of  the  nervo  has  become  somewhat  diminished,  or  when  the 
current  employed  is  of  feeble  intensity,  contraction  takes  place  only  at 
the  coniTnencevient  of  the  direct  and  at  the  termination  of  the  inverse 
current.  If  both  hind  legs  of  a  frog  iye  prepared  in  such  a  way  that 
they  remain  connected  with  each  other  by  the  sciatic  nerves  and  a 
portion  of  the  spinal  culumn,  when  the  positive  pole  of  a  hattcry  is 
applied  to  the  right  foot  and  the  negative  pole  to  the  left,  the  current 
pasBing  through  the  sciatic  nerves  will  be  an  inverse  current  for  the 
right  nerve,  and  a  direct  current  for  the  left  nerve.  At  the  moment 
of  completing  the  circuit,  a  contraction  will  take  place  in  the  left 
leg,  but  not  in  the  right;  and  when  the  current  is  broken,  the  right 
leg  contracts,  while  the  left  romainK  at  rest.  If  the  position  of  the  poles 
be  reversed,  the  effects  of  the  current  will  be  changed  in  a  corresponding 
manner. 

After  a  nerve  has  become  exhausted  by  the  direct  current,  it  is  still 
sensitive  to  the  Inverse ;  and  after  exhaustion  by  the  inverse,  it  is  still 
sensitive  to  the  direct.  It  was  even  found  by  Matteucei  that  when  a 
nerve  has  been  temporarily  exhausted  by  the  direct  current,  the  return 
of  its  irritAbility  is  hasteniHl  by  the  .subsequent  pa.isage  of  the  inverse 
current;  so  that  it  will  l)ecorae  again  sensitive  to  the  direct  current 
sooner  than  if  allowed  to  reninin  at  rest.  Nothing,  accordingly,  is  so 
exciting  to  a  nerve  as  the  pa.ssage  of  direct  and  inverse  currents,  follow- 
ing each  other  in  quick  succession.  SSuch  a  form  of  galvanism  is  that 
afforded  by  the  Faradic  apparatus,  in  which  rapidly  alternating  currents 
of  induced  electricity  traverse  the  circuit  in  opposite  directions. 

TTie  irritnhilitij  of  motor  nerves  ix  distinct  from  that  nf  the  muscles. 
This  is  shown  by  the  fact  that  the  two  proiK-rties  may  be  suspended 
independently  of  each  other.  In  the  experiment  above  described,  the 
irritability  of  the  nerve  is  manifested  only  through  that  of  the  muscle, 
and  that  of  the  muscle  is  called  intfl  anion  only  through  that  of  the 
nerve.  But  under  the  influence  of  icoorara,  the  action  of  the  motor 
nerve,  as  shown  by  Bernard,*  may  be  suspended  without  affecting 
the  irritability  of  the  muscles.  In  a  frog,  poisoned  by  this  substance, 
the  poles  of  a  galvanic  battery  applied  to  the  sciatic  nerve  will  produce 
no  effect.     But  if  the  galvanic  current  be  passed  directly  through  the 


*  Lofoiw  8ur  U  Phyriologie  du  Sjfltime  Nerveux.    Pari*,  1868,  tome  i.,  p.  199. 
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muBcles  of  the  letf,  contraction  takes  place.  The  muscular  irriu- 
bility  survivet'  that  of  tin-  nervrs,  and  is  therefore  essentially  dis- 
tinct from  it. 

The  iadepeudenec  of  mujicular  and  nervous  irritability  is  also  indicated 
by  the  cflrec'ts  folhjwinff  de^rrneration  of  divided  nerve  fibres  (page  353 1. 
Wiieti  a  mcitor  nc^rve  is  divided,  the  separated  portion  after  «  few  dars 
loses  itii  irrilability,  f*o  that  no  stiiniihih  applied  to  it  will  excite  eon- 
traction  ill  tho  corresponding  muticleh.  But  if  a  jralvaiiic  current  lie 
applied  to  the  muscles  themselves,  they  contract.  Lon^ei*  has  deuon* 
.stratcd  thi."  fact  upon  the  dog",  from  five  days  to  iw<'lve  weeks  afwr 
.sectinn  of  the  facial  nerve;  and  a  similar  result  haj?  been  found  by 
Vuli)iant  in  the  rabbit  thirty  days  after  section  of  the  name  aerve. 
The  contraction  in  these  ea!*e!*  cannot  be  Bttribut<>d  to  the  irritability 
of  small  nerve  l»rnnehes  iiieluded  in  the  niu^eiilur  tissue,  since  the 
degeneration  of  a  divided  nerve  taken  [)!a<'e  throu^rhout  its  peripheral 
portion ;  and  according  to  RauvierJ,  fri»m  forty-ei^ht  hours  to  tivedays 
after  <livi«ion  of  the  sciatic  nerve  in  the  rabbit,  the  terminal  nerve  fibre* 
in  the  niu.si'les  of  the  lejr  are  as  fully  desrenernted  us  fhone  in  the 
trunk  of  the  nerve  near  \tn  point  of  Heetiuii.  The  irritability  of  the 
muscles  must  therefore  be  regarded  as  a  property  l«?louiring  to  their 
own  tissue,  but  capalih-  of  responding  to  a  stimulus  communicated  by 
the  nerves. 

Identity  of  Action  in  Sensitive  and  Motor  Fibres. 

The  results  of  nervous  action  are  diflerent  in  the  two  kinds  of 
nerve  fibres.  The  stimulation  of  seu.sitive  fibres  produces  a  sensation, 
or  sensitive  impression  in  the  nervous  centre ;  that  of  motor  fibres 
causes  nmseuJar  eniitraction  tit  the  periphery.  Moreover,  if  a  Si'usitive 
nerve  be  divided,  stimtihis  appli<'d  1u  il.^  eeniral  extremity  still  excites 
a  sensation,  while  the  same  stimulus,  applied  to  its  peripheral  portioti, 
produces  no  ap|mrcnt  result.  On  the  other  hand,  if  a  motor  nerve' 
be  divided,  irritatiuii  of  its  attaelied  e.xtremity,  which  is  still  in  con- 
nection with  the  nervrms  eentn'.  lias  uo  eft'ect ;  but  irritation  of  it* 
peripheral  portion  causes  mu.scular  I'ontractiun  us  before.  In  other 
words,  the  nervous  force,  in  a  sensitive  nerve,  appears  to  move  in  a| 
centripetal  direetJon,  that  is  from  without  inward;  and  in  a  motor  nerve, 
in  a  centrifuirHl  diretiiuti,  i»r  from  within  untward.  The  excitement  of 
a  sensitive  nerve,  furthermore,  never  ]»roduces  any  other  immediate 
effect  than  a  seusation;  that  of  a  motur  nerve  only  gives  rise  to  the 
phenomeim  of  movement. 

The  above  faets  suggest  the  idea  thai  the  two  kinds  of  nerve  fibres 
may  be  distinct  in  their  jtroperties  and  modes  of  action  ;  that  the  sensi- 
tive fibres  may  ^>e  capable  of  acting  only  in  a  (centripetal  direction  and 
of  exciting  .sensibility ;  and  that  the  motor  fibres  can  only  act  from 


•  Trnil^  de  Pliy.«iolf)gip.     Paris,  1850,  toiHP  ii.,  p.  51. 

t  Le9ona  «ur  tn  I'hymiologie  due  Sy(*t&me  Nervcux.     Pan*,  1866,  p,  *246. 

X  Le9on»  sur  I'Hit^tulogie  du  Syntdme  Nerveiix.     Parts,  1878,  tome  ii.,  p.  349. 
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within  outward,  transmitting  a  special  nerve  force,  adapted  to  excite 
tnus<.'itlar  contraction. 

It  is  evident,  however,  that  these  reaf<ons  d<i  not  indicate  a  real  differ- 
ence in  the  activity  of  the  nerve  fibres,  but  only  in  the  sensible  rosultf* 
of  its  operation.  In  neither  case  is  there  any  perceptible  effect  produced 
in  the  nerve,  hut  only  in  the  oriran  with  which  it  is  connected.  When 
a  sen.sitivp  nerve  i*.  excited,  the  sennaiion  is  perceived  in  the  nervous 
centre;  when  a  motor  nerve  is  called  into  activity,  contraction  takes 
place  in  the  muscle.  It  is  poswible  that  the  condition  of  the  nerve 
under  excitement  raay  be  the  same  in  both  cas^e.'*,  and  that  the  differ- 
ence in  effect  may  be  due  only  to  the  nrgfan  in  which  it  terminates  ; 
jttst  as  the  conductin;^  wire  of  a  jjulvanic  battery  may  be  made  to  ring" 
a  bell  or  move  an  indyx,  according  to  the  mechanism  with  which  it  is 
connected.  There  are  some  facts  which  can  hardly  bear  any  other 
interpretation  than  this,  and  whic^h  lead  to  the  conclusion  that  the 
phy (biological  action  in  tho  two  kinds  of  nerve  fibres  is  not  essentially 
different. 

I.  The  sh'mnluH  applied  tn  a  nj>rve,  either  »rn«itice  or  motor,  pro- 
duces the.  same  effect  throtifjhout  its  entire  length. 

Impression?*  made  \x\K)U  the  intep:ument,  which  jjrive  rise  to  RenRation, 
an?  tran.smilt<*d  by  the  sensitive  nerve  throujrh  its  whole  course  to  the 
nervous  centre;  and  the  sensation  thus  produced  is  referred,  not  to  the 
brain  or  to  any  part  of  the  nerve  trunk,  l)ut  to  its  j)oint  of  distribution 
in  tho  irite^ifument.  An  irritation  applied  tn  the  same  nerve  in  the  mid- 
dle of  its  course  produces  a  sensation  which  still  seems  to  come  from 
the  integ-ument.  After  the  amputation  of  a  limb  in  man,  if  the  severed 
extremity  of  a  nerve  be  compres,«ed  or  irritated  in  the  cicatrix,  the 
Bonsations  excited  are  referred  to  the  amputated  limb ;  and  patient)* 
often  assert  that  they  can  feel  the  separated  parts  as  distinctly  as 
before.  The  impression  conveyed  throuifh  the  remaining^  portion  of 
the  nerve  is  the  same  as  if  the  whole  of  it  were  still  in  exi.^tence. 

The  motor  nerves  act  in  a  simihu*  way.  A  voluntary  stimulus  orijr- 
inatin;;  in  the  brain  passes  through  the  entire  length  of  a  motor  nerve 
to  reach  the  muscles  and  excite  their  contraction.  If  the  nerve  be 
divided  at  any  intermedia^'  point,  and  a  palvunic  stimulus  applied  to 
the  peripheral  portion,  contraction  frdlows  in  the  muscles  as  before.  In 
each  case,  the  physiological  effect  is  produced  at  the  e.Ttn^raity  of  the 
nerve  fibres ;  and  is  apparently  of  the  same  character,  from  whatever 
distance  it  has  betn  trun.-imitted. 

It  appears  accordiiiifly  that  the  nerve  fibre,  whether  sensitive  or 
motor,  when  excited,  is  thrown  into  a  condition  of  activity  throughout 
its  length;  the  nerve  assuming  a  state  of  "polarity,"  analogous  to 
that  of  a  magnetized  bar,  iu  which  the  visible  phenomena  of  attrac- 
tion or  repulsion  are  manifested  only  at  its  extremities,  although  the 
intermediate  portions  of  the  bar  participate  in  its  molecular  action. 
When  the  exciting  stimulus,  in  a  Bcnsitive  nerve,  is  applied  at  the 
peripheral  extremity,  it  must  necessarily  be  transmitted  from  without 
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inward ;  and  when  it  commenfes  at  the  innt-r  pxtromity,  as  in  a  motor 
nerve,  it  must  move  from  within  outward.  But  under  other  conditiims 
it  may  be  capahle  of  moving-  in  oitb-r  direction.  The  following:  experi- 
•^nent  s^howa  that  this  i.s  possible,  so  fur  as  regards  the  sensitive  ncrv«v. 

2.  SensUive  imprestfwns  may  pass,  in  the  Jibree  of  a  genailive  nerve, 
either /rom  without  inward  or  frnin  within  outward. 

This  of  course  never  takes  place  iu  the  normal  condition ;  but  its  pos- 
sibility has  tjeen  demonstrate<l,  iu  tlie  experiments  of  Paul  Bert,*  by 
dividing:  a  sensitive  nerve  and  then  reversing  its  position,  »o  that  it* 
peripheral  extremity  ie  in  connection  with  the  nerve  centres.  T 
end  of  the  tail,  in  a  youu/ir  ral,  was  deprived  of  integument  for  a 
length  of  five  centimetres,  and  the  denuded  portion  inserted  Ix'neatb 
the  skin  of  the  back  of  the  same  animal.  At  the  end  of  eigrht  days, 
when  the  ingrafted  pttrtion  had  l>ecome  adherent  to  the  .subcutaneo' 
tissues,  and  had  contracted  esufficient  vascular  connection  for  its  support,! 
the  tail  was  amputated  at  its  base,  and  thenceforward  remaineil  ! 

to  the  body  of  the  animal  only  by  what  wa.i  previously  its  p-  .  l 
extremity.  In  three  months  sensibility  again  began  to  be  manifestly 
in  the  end  of  the  tail,  thus  reversed;  and  iu  six  months  it  wa« 
reestablished  to  an  unmistakable  degree.  The  nerves  of  the  tail, 
which  before  the  oi>eratioii  transmitted  sensitive  impressions  from  its 
point  toward  its  base,  afterward  transmitted  the  same  impressions  from 
its  base  toward  its  point.  In  this  instance  the  nerve  fibres  which  thm 
acted  in  a  reverse  direction  were  fibres  of  new  formation,  like*  thoi 
which  gpiu'rally  replace  the  degenerate<l  tibres  of  divided  nerves  (pa, 
855) ;  but  there  Ls  no  evidence  that  such  regenerated  fibres  are  in  an 
way  different,  from  tho.se  originally  existing  in  the  same  parts. 

AltliDiigh  the  nerve  fibres  thenforo  may  excite  two  different  fo; 
of  action,  their  own  condition  may  be  the  .same  for  both.     If  they  coin> 
municate  their  stimulus  to  a  perceptive  nervous  centre  the  effect  is 
sensation  ;  if  to  a  muscle,  it  is  contraction.     These  acts  cannot  be  int*: 
changed  with  each  other,  in-cause  the  muscle  is  not  sen.sitive  and  tin 
nervous  eentie  is  not  cuutraetile ;  but  they  are  both  indirect  effects  ofj 
the  nervous  influence,  and  do  not  necessarily  indicate  any  difference  1 
its  nature. 

Rapidity  of  Transmission  of  the  Nerve  Force 

It  is  a  matter  of  conscious  experience  that  the  operations  of  thi 
nervous  system  require  a  certain  time  for  their  accomplishment.     The 
action  both  of  the  senses  and  of  the  will,  though  exceedingly  rapid, 
is   not    instjintnneous.      Between   the  mental    drci>ion   to  |K*rform 
movement  and  its  actual  execution,  there  is  a  .•'hort  but  real  interval  o! 
time,  during  which  the  nervou.s  mechanism  is  called  into  play.     A 
tain  period  also  intervenes  l>etween  the  contact  of  a  foreign  body  w 
the  skin,  and  our  perception  of  its  existence  and  qualities.     There 
even  more  or  less  difference  between  individuals  in  the  time  req( 

*  La  Vitality  propre  dea  Tiiwuefl  animatis.     Parin,  1866,  p.  12. 
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for  nepvotjs  action ;  the  quickness  of  the  Bensea  and  the  promptitude 
of  the  will  frequently  varyiiiju:  to  a  perceptible  dejrree.  In  the  cade  of 
a  %*oluntary  movement,  the  period  conisWUK«l  is  occupied  by  three  dif- 
ferent processes,  namely  :  1.  The  act  nf  volition,  in  the  bruin  ;  2,  The 
transmid^ioD  of  the  motor  impulse,  through  the  bpioAl  cord  and  aerveis, 
toils  deMination;  and  3.  The  excitement  of  the  muscle  to  conlPac- 
lioQ.  In  the  case  of  a  sensation,  there  are  three  analogoui*  succeshive 
act«,  namely:  1.  Reception  of  the  impression  by  the  sensitive  nirm- 
bruue;  2.  Trannmissioii  of  the  stimulu.s  through  the  nerve  toward  the 
brain ;  and  3.  Itb  perception  in  the  brain  tm  a  conscious  t<cn&atiou.  It 
is  important  to  determine  the  rapidity  of  nervous  communication  in  each 
dire«?tion. 

Methods  of  Determining  the  Rate  of  TranBnn»»ionofthe  Nerve  Force. 
— The  rate  of  transmission  of  the  nerve  force,  first  measured  by 
Helmholtz,*  has  since  lieen  investi^'ated  l>y  different  observers  with 
essentially  similar  results.  Thf  principle  adopted  is  in  all  cases  the 
Bame.  Muscular  contraction  is  excited  by  a  stimulus  which  passes 
throufrh  two  nerves  of  different  length,  or  tbrouph  two  different  lenierths 
of  the  same  nerve;  the  delay  in  contraction,  when  the  stimulus  passes 
throuirh  the  lonjyer  of  these  routes,  gives  the  time  required  to  traverse 
the  additional  distance. 

These  experiments  were  first  performed  on  separated  nerves  and 
mtiseles  of  the  cold-blooded  animals.  The  prastrocneniius  muscle  of  a 
froir  is  prepared,  with  a  portinrj  of  (he  .-Jciatic  nerve  attached.  A  j^al- 
vunic  battery  with  an  iuduetinn  apparatus  is  also  provided,  so  that  the 
closure  of  the  bt>ttery  circuit  will  produce  an  instantaneous  current  in 
the  induction  cuil.  This  induced  current  is  first  applied  to  the  muscle, 
and  the  time  notc<l  whii-h  inti-rvmes  between  the  closure  of  the  circuit 
and  the  muscular  coutraetiou.  This  represents  the  period  required  for 
the  «'xcitement  of  the  muscular  fibres,  and  was  found  by  Helmholtz  to 
be  alK)nt  jj^  of  a  second.  If  the  stimuJus  lie  now  applied  to  the  nerve 
near  its  terminatioo  in  the  muscle,  the  int4'rval  is  not  perceptibly 
changed.  But  if  it  be  applied  at  a  point  one.  two,  or  three  centimetres 
distant,  a  retardation  is  manifested  in  the  muscular  contraction ;  and 
this  retardation  be<*umes  greater  as  the  distance  between  the  muscle 
and  the  point  of  stinndation  is  increased. 

^The  intervals  of  time  in  the.se  experiments  have  been  measured  by 
rious  contrivances,  the  most  successful  of  which  is  an  automatic 
registering  apparatus  like  that  of  Marey  (page  284).  Upon  the  surface 
of  the  n  volving  cylindi-r  tin-  fXJreniity  of  a  tuning-fork,  vibrating  500 
times  i>er  second,  traces  an  undulating  line  (Fig.  9G.  a)  which  records 
the  time  occupied  in  moving  from  one  point  to  another.  A  straight 
horizontal  line  i?j)  isal'-o  traced  upon  the  same  surface  by  the  extremity 
of  a  .slender  lever,  the  other  end  of  which  forms  part  of  the  galvanic 
circuit.      The  closure  of  the  circuit  is  accomplished  by  a  movement 
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which  pushei*  aaido  tho  lever,  causing  in  the  traced  line  a  momentarr 
deviation  (d),  wbk'h  thus  repisters  the  instant  of  lht»  jstinmlation  of 
the  nerve.     The  muself  used  for  i^xperinient  is  attached  by  it«i  tendoaj 

Fio.  9C>. 


Diagram  oi' TiiK  RK«iiaTKiiiK<i  Ari'AHAi  1  >,  .KCdnlitik'  (•>  the  |.lan  <il   Mari'V.     <i-   rniluUtlngJ 
•  raced  by  ihe  tiiniiitt-fiii-k,  wlili'luntirUsi  tin-  titni't-oiiftiiiue*!  liy  iln' i-nnl  jii  tiioTliift  rrnntone] 
another.    6.  lAn>'  irno-d  by  ihr  firs(  Wvvt,  r<>rtuitii|C  port  of  tlir  uiil»uitlcclri-iilt.     •-.  f.lnc  If 
the  «0L-ond  |i>Ter,  whirh  (s  inovtvl  by  the  coo  traction  uf  the  inuK'le     it.  UfvUtioit  of  \h9 
iudieatliig  thi!  otnsurc  of  the  y^alvaule  circuit  and  th«  »tlmuiKiion  of  ibe  unrr*.    «,  Pwlattaa  i 
the  liner  liidii'iitliig  thi<  iiiU!H'iilH.r  (■oiitrnction. 

to  a  second  lever  in  such  a  way  that  any  muscular  contraction  will 
draw  aside  its  fre«*  extremity.     This  lever,  while  at  rest,  traces  a  secoodJ 
hortzotital  line  (r)  beluw  the  first ;  nrid  when  the  muscle  contracts,  tbft| 
line  is  d«'viuted,  as  at  (e),  hy  the  movement  of  the  lever. 

There  are  thus  left  iiptm  the  re^isterinpr  stirfne*'  two  deviations,  d  and! 
e,  one  of  whteh  n'e(»ri|s  the  stiunilHtioii  of  the  nerve,  the  other  th»J 
muBcuIar  contraction  ;  and  hi^twren  the  two  there  is  a  certain  intervaLl 
The  nuridxT  <if  undultitions  in  t  In-  tniec  a.  eorresiwndinf,'  to  t  his  interval, 
indicates   the  lime  which   has  cltjpsrd  between  the  stimulution  of  the 
nerve  and  the  nmscnlnrcontraetinn.     In  the  example  shown  at  Fig.  96,i 
as  the  interval  between  the  deviulious  includeH  13  simple  vibrations,  of 
which  50tj  would  represent  one  second,  the  time  occupied  is  0.026  of  a 
second.     By  tins  means,  intervals  of  very  short  duration  may  l>c  occui 
rately  registered. 

Subsequently  invcstij^ations  of  a  similar  kind  were  applied  to  the 
man   during   life.     In  tho  e.xpcrinicnts  of   Baxt,*  this  was  done  by 
applying;-  electrodes  to  the  skin   over  the  median   nerve,  at  varyinyj 
distances  from  its  mu!«cijlar  distribution.     The  nerve  wab  thus  stimu- 
lated at  the  wrist,  iit  the  elhow,  and  at  the  upper  arm ;  the  efle<;t  beii 
marked  by  the  swelling  of  the  muscles  at  the  ball  of  the  thumb.     Tl 
time  itjtervetiin;^  between   the  npplieution  of  the  I'leetrodes  and  the 
muscular  eontnjction  was  preiiter  with  the  stimulus  applied  at  the  upjM^r 
artn.  than  at  th<'  wrist ;  the  difl'erenc^.'  beinp  evidently  the  time  requii 
to  transmit  of  the  nervous  inipidse  front  the  lirst  point  to  tho  second.] 
The  rate  of  tratisniission.  as  ascertained  by  these  ex]»eriments,  variedl 
according  to  the  ronditions  of  cold  or  warmth  ■.  Iwiug  less  rapid  at  a 
low  than  at  a  high  temperature. 


*  Monat*bericttt  der  koniglichen  PreiiflHischen  Aktidemie,  1867  and  187Q. 
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Finally,  the  rate  of  tranumiBsion  of  the  nerve-force,  in  man,  for  both 
Yoluntury  motion  and  conscious  sensation,  im^  been  investig'aicd  by 
Burckhardt,*  with  a  re^'iateriujj^  apparatus  in  which  the  beginning  and 
cud  of  the  nervous  transmission  were  marked,  a»  above,  by  tin-  (lc\  i:i- 
tious  of  a  traced  line. 

SiUe  of  Trantttnis^ioyt  in  the  Motor  Nerves. — The  tranHniibtiidii  of 
the  volontjiry  inipwlse  waa  measured  by  Burckhurdt  aa  follows:  The 
npfMirutus  being  attairhcd  to  the  peri^un  st'rving  for  experiment,  the 
eifxnal  for  voluntary  motion  was  given  l»y  a  l)ell  connected  with  the 
Imttttry,  Thus  the  entire  interval  registered  wna  that  between  the 
^ouud  of  the  IxL'II  and  the  mus4Milar  contraction.  A  part  of  this  time 
wa4<  couHumrd  in  hearing  the  sound  and  producing  the  volitional 
tmpuW.  Another  part  wa.s  taken  up  by  the  process  of  mu£«alar  con- 
t  ruction  ;  and  only  the  remainder  was  occupied  by  nervouis  tran$niii=isiou. 
But  when,  in  different  observationi!«,  the  same  signal  was  used  for 
the  contraction  of  mnsclej^  supplied  by  different  lengths  of  nerve,  the 
processes  taking  place  in  the  brain  and  in  the  muBclc  would  be  alike 
in  all ;  and  any  difference  in  the  time  observed  must  be  due  to  the 
different  lengths  of  nerve  traversed  by  the  motor  im|)ulse.  The 
mubclcH  employed  for  this  purpose  were,  in  the  lower  limb,  the 
uxteuBor  digitorum  communis  brevis,  tibialis  anticus,  and  semimem- 
branosus, supjilied  by  branches  of  the  sciatic  nerve,  and  the  quadriceps 
extensor  crurin,  supplied  by  the  anterior  crural  nerve ;  in  the  up|jer 
limb,  the  interosseus  e.\teruus  primus,  e.xtensor  digitorum  communis, 
flexor  digitorum  and  deltoid,  all  supplied  by  branehes  of  the  brachial 
plexufi.  The  mean  result  of  these  observations,  on  eight  healthy 
person.^,  gave  a  velocity  of  transmission,  in  the  nerves  of  the  upper 
and  lower  limbs,  of  a  little  over  27  metres  per  second.  The  minimum 
velocity  was  20  metres,  and  the  maximum  36  metres;  but  of  all  the 
observations,  thirty  in  number,  twenty-three,  or  nearly  four-fifths,  gave 
results  between  2ti  and  28  metres. 

In  one  instance  the  rate  nf  movement  for  the  vi>iniitary  inipulHc  and 
for  that  excited  by  galvanism  was  ti'sted  in  the  t^unu-  m-rvr,  with  but 
little  difference  in  the  results. 

According  to  Burckhardt,  furthermore,  th**  rate  of  transmission  does 
not  vary  essentially  for  weak  or  strong  motor  impulses;  that  for  u  nm&- 
cular  contraction  of  moderate  force  pa.-ssing  as  rapidly  through  the 
nerve  as  that  for  contractions  of  great«.'r  power. 

licUe  of  TranstnUmon  in  the  Sensittir:  Nerven. — The  rate  of  trans- 
mission for  impressionsof  conscious  sensibility  is  determined  by  a  simi- 
lar method.  A  tactile  impression  is  made  upon  the  skin  at  varying 
distances  from  the  nervoxis  centre — as,  for  instance,  npon  the  foot,  the 
thigh,  and  the  loins;  the  instant  at  which  the  sensation  is  )>erceived 
l)eing  indicated  by  a  movement  of  the  finger.  As  the  time  required 
for  conscious  perception  in  the  brain  and  for  voluntary  movement  of 


*  Die  Phynologiache  Diago<wtik  der  NerTenkraiibeiten.    Leipzig,  1875,  p.  82. 
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the  tinker  ia  the  same  ia  all  cases,  the  difference  between  flUcoeflsiTo, 
observations  is  due  to  the  difi'orcnt  lengths  of  nerve  transmitting-  lh« 
inapression. 

In  the  pxi)eriment8  of  Burckhardt,  made  on  thirteen  different  per- 
sons, the  mean  rate  of  transmission  for  sensitive  irapresdions  throug;)ij 
the  nerves  was  a  little  less  than  47  metres  jjer  second ;  that  is,  nior 
than   one  and  a  half  times  as   rapid  as   that  for  voluntary  motion.] 
The  variations   were    fironi   a  minimum  of  20  to  a  maximum  of  M 
metres ;  but  in  nearly  three-fourths  of  all  the  obflervations.  the  resuitsj 
were  confined  within  the  limits  of  40  and  56  metres.     The  raplditj 
of  tran.smi.-sion  varied   but   little  with  the  intensity  of  the    tmpres>1 
sion  ;   the  difference,  on  the  averag-e,  being  but  little  over  one  perj 
cent.      The  average   rate   for  different  kinds  of    nervous   action  ifl 
accordingly  as  follows : 

Rate  of  Traxhmission  TiiBOCon  the  Ni^rves. 
For  volnnttiry  motion        .        .        .        .27  metres  iwr  second. 
For  sen*ition    .        ,        .        .  .    47       *'       '*        *' 

Bate  of  Tranfunissifm  in  the  Spinal  Cord. — The  investigation^ 
Burekhardt  lir^t  indicated  a  difference  between  the  rate  of  transmie^ioil 
in  the  spinal  cord  and  that  in  the  nerves.     This  rate  wa*i  determine 
for  the  spinal  cord  by  comparing  the  passage  of  a  voluntary  impuh 
through   two   nerves,  like   the   sciatic   and  the  ulnar,  which  omerf! 
from  the  s[)inal  cord  at  different  points.    In  this  case  Ihe  impulse,  aftt 
leaving  the  brain,  traverses  {lilterent  lengths  of  the  spinal  cord  ;  and 
its  rate  of  movement  in  the  |)eripheral  nerves  is  known,  the  different 
in  time  of  itvS  entire  passage  gives  its  rate  of  movement  in  the  spinnlS 
cord.     Thus  a  motor  impulse,  which  calls  into  action  the  interosseous i 
muscles  of  the  hand,  passes  through  the  cervical  portion  of  the  spinal! 
cord,  the  lower  cervical  nervoi^,  the    brachial  plexus,  and  the    aim 
nerve.     An  impulse  which  excites  contraction  in  the  quadriceps  extei 
sor  cruris  passes  through  (he  cervical  and  dorsal  portions  of  the  cord,^ 
and  thence  through  the  lumbnr  plexus  nnd  the  anterior  crural  nerve  It 
the  thiffh.     Consequently  its  transit  through  the  spina!  cord  is  aboul 
three  times  as  long  in  the  second  c&so  as  in  the  first;  and  the  amount^ 
of  its  retardation  must  correspond  with  this  difference. 

By  this  means  it  was  found  that  the  transmission  of  rnluntarij  motor 
impifhes  in  Ihe  spinal  cord  is  considerably  slower  than  in  the  nerves. 
Its  average  rapidity  was  a  little  over  10  metres  per  second;  the  mini- 
mum  being  8.  the  maximum  14  metres.  Thus  the  difference  in  rapid- 
ity  of  transmission  through  the  nerves  and  the  spinal  cord  is  very 
manifest. 

A  comparison  of  the  opposite  sides  of  the  body  gave  a  difference, 
in  the  rate  of  transmission,  for  the  right  and  left  halves  of  the  spinaij 
cord,  of  from  one  to  three  metres  per  second,  always  in  favor  of  tl 
left  side. 

The  transmission  of  sensitive  impressions  through  the  spinal  cord, 
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on  ine  other  hand,  was  found  to  bo  nearly  as  rapid  as  through  the 
Mtrves,  the  avcrajre  rate  being'  a  little  over  42  metres  per  second. 
jre  was  a  remarkalile  tlifi'erenee,  however,  in  this  respect,  between 
f^tartile  impressions  and  those  of  a  painful  character.  The  latter  are 
traus-niitied  at  a  much  glower  rate,  amounting  on  the  average  to  not 
more  than  13  metres  per  second.  Thun  the  transniifsinn  of  motor 
impulse!?  and  of  tactile  and  painful  impressions  respectively,  through 
I  be  i?pinal  cord,  m  as  follows : 

Kate  ov  Tbaxsmission  thbouoh  thk  SptMAt  Coki». 
For  tactile  impressions  .         .42  tnetros  per  second. 

•'    painful 13       "        "         " 

"    motor  impulses 10       ''        '*         '■ 

According  to  these  results  the  pa.«^Rage  of  a  motor  impulse,  from  the 
brain  to  the  muscles  of  the  foot,  would  occupy  O.OHS  of  a  second ;  of 
which  alK>ut  one-half  would  be  required  for  transmission  through  the 
Hpioal  cord,  and  one-half  for  transmission  through  the  nerves. 

Jiapidity  of  Nervous  Action  in  the  Hrain. — Jn  the  above  experi- 
ments, an  essentlHl  part  of  the  nervous  operation  consii^ts  in  hearing 
the  Higual  for  a  voluntary  movement  and  iu  the  volition  which  gen- 
orates  the  motor  impulse.  The  time  thus  consumed  is  ascertained  by 
deducting,  from  the  whole  period  between  a  given  signal  and  a  vol- 
untary inoven»ent,  first,  tlic  time  re(|uisito  for  muscular  contraction, 
namely,  0.01";  and,  secondly,  that  occupied  in  transmitting  the  impulse 
tlirough  the  spinal  nord  and  nerves.  Thus  if  the  entire  period  be 
0.220",  ftn«l  the  time  re«iuired  for  transmission  through  the  spinal 
cord  and  nerves  be  0.OHH".  th<'re  remains  0.182",  which  is  offupird  in 
muscular  contraction  and  in  the  acts  of  sensation  and  volition,  liurck- 
hardt^s  eicperiraents,  like  those  of  Elelmholtz,  fix  the  time  required 
for  local  stimulation  of  the  muscle  at  0.01";  and  he  estimates  that 
about  an  equal  interval  \h  necessary  for  the  mechanism  of  Iiearing. 
The  whole  process,  therefore,  of  executing  a  voluntary  movement  in 

I  the  foot,  at  the  signal  of  a  bell,  would  be  divided  as  follows : 
Tni£   0<K;CPIKJ>    in    KXE<*fTINO    A    VoLfNTARY    MoVKMKNT    AT    A    GIVEN   SlONAL. 
Meohanii4in  of  Iiearing O.OIO" 
Acts  of  f»tTcejition  luid  volition  in  the  brain  0.112" 

Tran."*niiHsjiin  rhrouH'h  \\w  spiiml  i-or«l  ...     0.044" 

Tninsmisshiti  tlironiili  tlie  .■Miiatic  iierve     ....     0.044" 
Mechaniarii  <>f  mnwciilur  contraction  ....     0.010" 

.,■ 
abl 


0.220" 


It  appears  that  the  action  in  the  brain,  represtmting  the  operation 
of  the  gray  substance  of  the  nervous  centres,  requires  a  consider- 
ably longer  time  than  the  transmission  of  impulses  through  the  nerve 
Bbres. 

Personal  Error  and  Personal  Equation. — The  different  rapidity  of 
nervoas  action,  in  different  individuals,  causes  a  variation  in  tho  prompti- 
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tude  with  which  they  perceive  and  record  sensible  phenomena.  This 
was  first  noticed  in  astronomical  observatories,  where  it  was  found 
that  the  pa.ssag-e  of  a  star  across  the  thread  of  a  transit  instrument  vfan 
difTerently  recorded  by  different  observers;  the  difference  sometimes 
amounting  to  as  much  as  one  second.  Subsequent  observations 
showed  that  in  no  ease  was  the  time  recorded  with  absolute  accu- 
racy ;  but  that  a  certain  delay  always  intervened,  due  to  the  time 
occupied  by  the  nervous  mechanism  of  the  observer.  This  fact  was 
established  by  imitating  the  transit  of  a  star  by  means  of  a  luminous 
point  moving  with  uniform  velocity  before  the  field  of  a  telescoix\  By 
contrivances  like  those  above  described,  the  real  instant  of  the  passage 
of  the  luminous  point  across  the  thread  of  the  telescope  is  recorded 
upon  a  revolving  cylinder,  and  the  observer  also  marks  its  passage  by 
similar  means.  The  difference  between  the  real  and  the  observed  time 
represents  the  "  personal  error  "  of  the  observer.  As  it  is  important  to 
eliminate  this  erfor  from  the  record  of  astronomical  observations,  when 
its  amount  has  been  determined  for  any  particular  observer,  his  record 
is  corrected  by  a  corresponding  quantity.  This  is  termed  the  "personal 
equation  "  of  the  observer. 

The  error  of  any  particular  individual  remains  nearly  the  same,  as 
compared  with  that  of  other  persons;  that  is,  it  will  be  habitoally 
greater  or  less  in  one  observer  than  in  another.  But,  like  all  physio- 
logical peculiarities,  it  varies  somewhat  in  the  same  individual ;  and 
according  to  Kampf,*  it  may  change  perceptibly  even  in  one  night. 
The  following  table  shows  the  varying  personal  equation  of  two  differ- 
ent observers  in  fractions  of  a  second,  as  ascertained  on  three  successive 

days: 

Absolutk  Peksonal  EgcATiox  of 

May  1  .  .  .  . 
May  2  .... 
May  3        .        .        .        . 

Where  extreme  accuracy  is  required,  as  in  observations  for  longitude, 
it  is  consequently  recommended  by  Dr.  Eampf  that  the  personal  error 
of  the  observer  be  determined  and  corrected  at  the  time  of  each  obser- 
vation. 


Lieut.  TUlmHn. 

Dr.  Kampf. 

—  0.125     . 

.     —0.027 

—  0.121     . 

.     —0.021 

—  0.116     . 

.     —  0.026 

*  On  the  Determination  of  Personal  E>][uationrt.   Report  upon  United  States  Geo- 
logical Surveys  west  of  the  One  Hundredtli  Meridian.    WaRhington,  1877,  p.  475. 


THE  nervous  system,  in  man  and  the  higher  nninmlti,  includoH  two 
serondary  sysleius,  or  jrroups  of  ucrA'ous  rentrcs,  with  tboir  com- 
miHtiural  fibres  and  |»eripl»  ral  nerveg.  They  are :  first,  the  cercbro- 
i^pinal  system,  presiding  over  the  functions  of  animal  life;  and,  sec- 
ondly, the  sympathetic  system,  connected  with  the  internal  acta  of 
nutrition. 

Cerchro-Spinal  Syatem. — Of  the  two  groups  above  mentioned,  the 
bro-spinal  system  largely  preponderates  by  its  mass,  the  well- 
iDftrked  distinction  of  its  parts,  and  the  striking  character  of  its  phe- 
nomena. Its  crntrcH  are  also,  in  groat  measure  the  sources  of  func- 
tional activity  for  the  sympathetic  system,  and  thus  control,  directly 
or  indirectly,  the  nervous  relations  of  the  whole  bo«ly.  As  its  name 
indicates,  the  nervous  centres  belonging  to  it  are  the  brain  and  the 
spinal  wjrd ;  the  nerves  which  originate!  from  them  being  distributed 
to  the  muscles  and  tegumentary  surfaces  of  the  head,  trunk,  and  limbs, 
to  the  organs  of  special  sense,  and  to  the  commencement  and  termina- 
tion of  the  internal  passages  of  the  body. 

In  its  general  form  the  cerebro-spinal  system  is  distinguished  by  a 
nearly  conjplcte  bilateral  syniirjotry.  Like  the  organs  of  animal  life 
over  which  it  presides,  it  consists  of  n  double  series  of  corresponding 
structures,  united  with  each  other  upon  the  median  line.  This  union 
is  ofTected  by  transverse  commissures ;  that  is,  by  fibrous  tracts  pass- 
ing from  side  to  side  betwi^en  similar  parts  and  enabling  them  to  act 
in  harmony  with  each  other.  The  right  and  left  halves  of  the  brain 
and  spinal  cord,  thus  connected,  furnish  the  nerves  of  sensation  and 
motion  to  the  two  sides  of  the  body. 

Another  jyemliarity  of  this  portion  of  the  nervous  system  is  the 
decussation  of  its  fibres.  By  this  terra  is  meant  an  oblique  passage 
of  6brea  across  the  median  line,  forming  a  connection  Ijetween  dis- 
similar parte  on  the  two  sides;  and  as  this  oblique  crossing  takes 
place  simultaneously  from  right  to  left  and  from  left  to  right,  the  two 
tracts  of  decussating  fibres  are  interwoven  with  each  other  at  the 
median  line.  This  is  most  distinctly  shown  in  the  decussation  of  the 
optic  nerves  at  the  base  of  the  brain  and  in  that  of  the  anterior  pyra- 
mids at  the  medulla  oblongata ;  but  other  instances  occur  at  various 
points  in  the  interior,  and  it  may  be  said,  in  general,  that  the  nerves 
emerging  from  the  right  side  of  the  cerebro-spinal  mass  have  their 
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origin  in  the  gray  subBtance  of  the  left  side,  and  thoee  ©merging  froi 
the  left  side  have  their  origin  on  th^-  ripht.  The  only  uncertainty 
this  rt'spect  is  whether  the  decussation  l>e  complete  or  partial ;  that  is/ 
whether  all  the  fibren  of  a  given  nerve  root  Ik-  connected  with  the 
opposite  side  of  thr  trenlral  nia^s.  or  whether  a  part  of  them  originate 
from  the  same,  and  a  part  from  the  opjwpite  side.  In  a  large  number 
of  instances  the  decussation  is  anatomically  demonstrated ;  in  others 
it  is  inferred  from  the  results  of  experiuieut.  But  there  can  be  no 
douht  that  it  is  a  general  feature  in  the  arrangement  of  the  cerebro- 
Hpinal  system. 

The  sjnnal  cord  is  the  simplest  and  most  fundamental  part  of  thi 
system.  It  is  a  nearly  cylindrical  nervous  mass,  extending  frum  it 
junction  with  thf  brain  abovf  to  its  inferior  tcrniinatimi  at  the  lev* 
of  the  second  lumbar  vertebra,     A  transverst*  section  .nhows  that  It' 

is  incompletely    divided   into 
'■'*'•  ^' •  right   and   left   lateral    halves 

by  anterior  and  posterior  me- 
dian fissures ;  of  which  the 
anterior  is  the  wider  and  shul- 
lower,  while  the  posterior  is 
narrower  and  deeper.  The 
interior  of  the  cord  eonsista 
of  gray  substance,  in  the  foria^| 
of  a  double  creseentic-shaped 
mass,  wiili  the  concavities  of 
the  crescents  turned  outward. 
As  these  masses  are  found  at  ( 
all  parts  of  the  cord,  they  ar 
in  reality  elongated  bands  of] 
gray  substance,  one  on  each  side  of  the  conl,  running  continuouslj 
throughout  its  length.  They  are  unit«d  with  each  other  by  a  train 
verse  band  of  gray  substance,  containing  nervf  fibres,  and  known  as' 
the  "gray  commissure/'  in  the  centre  of  which  is  a  narrow  longi- 
tudinal canal,  the  "  ceutral  canal,"'  about  Q.2  millimetre  in  diameter^ 
lined  with  epithelium. 

The  anterior  and  posterior  portions  of  gray  substance,  in  each  laten 
half  of  the  cord,  ore  called  the  anterior  and  posterior  hnrmt.     Imme- 
diately in  front  of  the  gray  commis.sure  is  a  band  of  white  substance^^ 
the  "  white  commissure  "  of  the  cord. 

The  spinal  nerves  arc  given  off  from  the  cord  at  regular  interva 
in  symmetrical  pairs ;  aiul  arc  distributed  to  the  integument  and  muscle 
of  the  corresponding  regions.     In  tish  and  .serpents,  where  locomotion 
is  performed  by  lateral  flexion  of  the  spinal  column,  the  cord  is  nearly^— 
uniform  in  size,  or  tapers  gradually  to  its  posterior  extremity.     Bii^H 
in  birds  and  quadrupeds,  where  there  are  special  organs  of  locomo- 
tion, as  fore  and  hind  legs,  or  legs  and  wings,  the  cord  is  increased  in 
size  where  the  nerves  of  these  organs  are  given  off.     In  man,  thu  lowi 


Transver-^k  Si;<tiiiN  111  TiiK,  Sl■l^Al.  <  i.iui.— >i,  ft. 
Spliial  iiiTvoii  uf  ri^lit  and  Ml  sMes.  ii.  Ilrigin  or 
anterior  ruot.  r.  Origin  of  pontorior  ruot.  r.  G»n- 
gHotk  of  pa8ti5rlur  mot. 
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ncal  nerves  which  sup])ly  the.  anus,  and  tht-  sacral  nerves  which 
supply  the  legs,  are  larger  than  tho8f  givt'ii  off  in  nthor  re^'ions ;  and 
the  cord  itself  preRfiiti?  U\u  fnlnrcemontf*  cf)rresp<vt»din)2:  with  the 
orig-in  of  these  nervei*,  namely,  the  cervical  enlaryemenl,  which  is  the 
source  of  the  ucrvee  for  the  upper  limb,  and  the  Ittmbar  enlargement, 
which  jB^ivee  off  the  nerves  for  the  lower  liniU. 

The  origin  of  the  spinal  nerves  un  each  side  of  the  cord  is  by  two 
sets  of  fibres,  forming  anterior  and  ponterior  roots.  The  anterior 
root  (Fig.  97,  d)  emerges  from  the  eon!  opposite  the  anterior  horn 
of  gray  matter.  The  posterior  root  (e)  originates  at  a  point  corre- 
■^londing  with  the  posterior  horn  of  gray  nuitttr.  Both  roots  are 
"teomposed  of  numerous  tibres,  united  in  parallel  bundles.  The  posterior 
root  is  distinguished  from  the  anterior  by  the  preneuce  of  a  snmll  rounded 
niasB  of  gray  matter,  or  ganglion,  beyond  which  the  two  roots  unite 
in  a  eonmton  trunk. 

The  while  substance  of  each  lateral  half  nf  the  cord  is  thus  divided 
into  three  portions  or  "columns;"  so  called  because  the  nerve  fibres 
composing  them  run,  for  the  most  part,  in  a  longitudinal  direction.  The 
portion  included  Ix^twwu  the  anterior  median  tissure  and  the  anterior 
nerve  roots  is  the  anterior  column;  that  between  the  anterior  and 
posterior  nerve  roots  is  the  lateral  column :  while  that  between  the 
post^'rior  nerve  root^  and  the  jvostcrior  median  fissure  is  the  posterior 
column.  Af*  the  posterior  median  fissure  penetrates  the  cord  «|uite  to 
the  gray  commissure,  the  posterior  columns  appear  entirely  separated 
from  each  other  in  a  transverse  section; 
while  the  anterior  columns  are  connected 
by  the  whit43  commissure  aiiuve  raentioneiL 

The  brain,  or  "  eiicephalon,"  is  that  por- 
tion of  the  cerebro-spinal  ma.ais  contained 
in  the  cranial  cavity.  It  consists  of  various 
deposits!  of  gray  substance,  connected  with 
each  other  and  with  the  spina!  cord  by 
irauKverse,  oblique,  and  longitudinal  tracts 
i«>f  nerve  fibres.  The  number  and  .=iizo  of  its 
nervous  centres  vary  in  dillert^nt  animals  ac- 
cording to  their  general  bodily  organization, 
and  the  special  development  of  their  ner- 
vous functions. 

In  fish  and  reptiles  the  nervous  centres 
of  the  brain  are  so  distinctly  sepurnted,  and 
of  such  moderate  size,  that  they  are  often 
designated  as  "ganglia."  In  the  alligator 
(Fig,  98)  there  are  five  pairs  of  these  gan- 
glia, arranged  in  a  double  linear  series.  The 
first  are  the  olfactory  f/onY;/iVi  (,,)  which  distribute  their  nerves  to 
the  olfactory  membrane,  and  are  coiuiected  with  the  rest  of  the  brain 
by  slender  longitudinal  tracts  of  white  substance.     The  next  pair  (,,), 


FM4.   OM. 


^a 


Braud  ok  Ai.i.iuATi/ii.—l.  OUmiUt- 
rf  Ganglia.  2.  UemiAphcrvs.  S. 
Optic  Tubercles.  4.  Cerebellum. 
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somewhat  larger  and  of  trianp-ular  shape,  are  the  "  heinispherical  gan- 
glia,"  corresponditijaf  to  the  h.emi»pherp.8,  or  cerebniin  in  the  hlg-Iier 
classes,  Imnipdiately  follttwirig;  ihom  are  two  quadrangular  niasfics 
(,j)  which  give  origin  to  the  optic  nerves,  and  are  therefore  called 
the  optic  ganglia ;  but  in  some  of  the  higher  animals,  where  they  are 
imperfectly  dividt^d  into  four  nearly  equal  parts,  tbcy  are  known  an  the 
"  tubercula  ((Uudriyemina."  Behind  them  is  a  triangular  collection  of 
nervous  matter  (4),  the  rerehellum.  Finally,  the  upper  portion  of  the 
cord,  just  behind  and  beneath  the  cerebellum,  is  enlarged  into  a  double 
oblong  mas8  (55),  the  medulla  oblongata. 

In  birds  the  cerebrum  is  comparatively  larger,  and  nearly  or  quite 
conceals  the  optic  tubercles  in  a  view  taken  from  above.    The  ccrel)ellum 
is  well  develoi»ed,  and  jiresents  on  its  eurfaeo  a  num- 
Fm.  99.  ijer  of  transver.se  foldings  or  convolutions  by  which 

itM  gray  substance  is  increased  in  quantity ;  and 
it  extend.s  so  far  backward  as  to  completely  cover  the 
medulla  oblongata. 

In  qnndrvpedH,  the  cerebrum  attains  a  atill  greater 
size,  as  compared  with  remaining  parts  of  the  brain, 
and  in  the  more  highly  develo[>ed  orders  it  is  so  much 
BKAiM  OK  PioE-js.-    increa.sed  as  partly  to  cover  the  olfactory  ganglia 
i*rottio     vtcTT.— 1.    j})  front  and  the  cereliellum  behind:  its  surface  at 

r««rt»brom.     2.  Optic       ,  ,  ,,  ... 

Tubercle.     8.  Cere-    ^"*^  Same  time  presentmg   numerous   convolution?. 

beiiam.  4.  Optic  Jt  also  condiuis  near  its  base,  on  each  side  the 
obi^npit^  '^  ""'  median  line,  two  additional  collections  of  gray  sub- 
stance;  namely,  the  "corpora  striata"  and  "optic 
thalami."  These  bodies  are  often  designated  as  the  "cerebral  ganglia." 
since  they  occupy  the  iaftrior  partn  of  the  cerebrum,  and  receive  the 
tracts  of  white  substance  entering  it  from  below.  The  cerebellum  in 
quadrupeds  is  enlarged  by  the  development  of  its  lateral  ]ol>es,  and  is 
marked  by  abundant  transverse  convolutions. 

In  man  the  cerebrum  rcfiches  its  highest  development,  and  prepon- 
derates completely  over  all  the  remaining  nervous  centres.     In  the 
human  brain,  accordingly,  when  viewed  from  above,  there  is  nothing] 
.to  be  seen  but  the  convoluted  surface  of  the  heuii.spheres ;  and  even  in 
a  posterior  view  they  cover  everything  but  a  portion  of  the  cerebellnm. 
The   remaining  parts,  however,  although  concealed  by  the  cerebmui 
■  And  cerebellum,  participate  in  the  structure  of  the  ence])halon,  forming, 
>fis  in  the  lower  animals,  a  series  of  associated  nervous  centres,  wilh 
|.Connecting  tracts  of  n^rv**  fibres. 

As  the  spinal  cord  enters  the  cranial  cavity,  it  enlarges  to  form  the 
medulla  oblongata.  This  portion  of  the  cerebro-spinal  axis  ia  diB-j 
tinguished  from  the  cord  lielow,  not  only  by  its  form,  but  also  by  the 
arrangement  of  its  gray  nod  white  substance.  The  gray  substance, 
which  in  the  cord  presintu  on  each  side  the  projections  of  the  anterior 
and  posterior  horns,  recedes,  in  the  medulla  oblongata,  in  a  backward 
direction,  expanding  into  a  continuous  layer  at  its  posterior  surfftoe. 
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At  the  same  time,  the  posterior  columns  of  whito  Mihf»tAnoe  diverjre 
at  an  acato  anpK',  leavinp  between  them  the  fourth  ventricle,  tviKl,  under 
the  name  of  the  re»tiform  bodies,  beeorae  ooutinuoun  with  the  inferior 
peduncles  of  the  eerelielliitn. 

In  front,  the  medulla  oblongata  prenenta  two  lon^tndinnl  eminences 
of  while  substance,  one  on  cuch  side  of  the  median  line,  the  anterior 
pyramirlfi,  wbicb  take  the  plar-e  of  the  anterior  columns  of  the  cord. 
At  their  lower  portion  they  exhibit  the  well-known  decussalton,  formed 
by  oblique  bundle*  of  fibres  cropsinjc  the  median  line  from  Inflow  upward 
fltnd  from  side  to  side.  Thns  the  rijrbt  anterior  pyrnniid  is  formed  of 
fibres  which  come  from  the  left  side  of  the  cor»l,  and  I  he  left  anterior 
pyramid  of  thoi*e  which  vnmv  from  the  right  side  of  tho  cord. 
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MsDDLi.A  Oni/ONnATA  A>n  Babe  or  tiik  Rrais  iv  Mam.— 1.  D<>rusB«tinn  of  tb«>  Optiu  Nvrraib 
2,  2.  MUMIe  Lofif»  <jf  iliB  Cerebrum,  8,  S.  Crura  Cerebri.  4.  Tutor  Auiuilnn^.  B,  6.  \jAvtiX  Lobw 
oftbf>C«<i'<>»K'Hiiiii.    «.  Anterior  Pyramid.    7.  Ollvjwy  Body.    8.  Btrtlform  Btxly.    (Hlr»chR)ld.) 

Immediately  outside  the  pyramids  are  two  elongated  oval  magscs, 
the  olivary  IxHlies,  which  consist  externally  of  white  substance,  but 
internally  contain  a  thin  convoluted  layer  of  pray  substance,  renembling 
in  miniature  the  convolutions  of  th»'  hemispheres.  They  are  special 
deponiis  of  gray  substance  in  tht-  medulla  oblong'et^i,  suj)eradded  to  the 
re4?t,  and  not  continuous  with  that  of  the  spinal  cord. 

At  the  npper  limit  of  the  medulla  oblongata  is  the  tuber  annulare,  ao 
called  Ix'cause  it  forms  a  rinf-like  protuberance  at  the  base  of  tin*  brain. 
Superlieially,  it  consists  of  trnnsverse  bundles  of  fibres  parsing"  over, 
In  an  arched  form,  from  one  Kide  of  tlie  cerebellum  to  the  other.  Where 
they  croflB  the  tuber  annulare  the8e  fibres  constitute  the  "  pons  Varolii ;" 
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at  the  Hides,  where  they  turn  backward,  they  form  the  "  middle  pedunotot 
of  the  cerebellum." 

lu  its  dcejxT  partH,  the  lub4'r  a iiuulare  contains  longitudinal  tracta  of 
white  substance,  passinjE;'  upward  from  the  medulla  oblongata  toward 
the  cerebrum.  The  continuation  of  the  anterior  pyramids  in  front,  and 
the  rpmaininR-  longitudinal  bundU's  of  the  medulla  oblon^ta  behind, 
pass  into  aud  throu^''h  the  tuber  annulare,  b<ftwoen  various  irrojfularly 
diffused  dep^•sits  of  gray  sul>stanc»\  From  the  upper  border  of  the 
tuber  annulare,  they  emerge  in  the  form  of  two  obliquely  diverging 
bundles  of  nerve  fibres,  the  crura  cerebri,  or  peduncles  of  the  braio. 
They  are  joined  imsteriorly  by  other  longitudinal  bundles  roraing  from 
the  cerebellum,  known  as  the  "anterior  pcdunclus  of  tlie  (:«'rcl)elluni," 
and  forming  the  tracts  of  communication  between  the  cerebellum  and 
the  cerebrum.  The  crura  cerebri  then  pass  into  the  bikie  of  the  brain, 
thus  completing  its  connection  with  the  spinal  cord. 

The  structure  of  the  ceretiro-spinul  axis,  as  a  whole,  may  bt^  dcscril>cd 
as  follows :  There  is  a  continuous  tract  of  gray  substance,  surrtmnding 
the  central  canal  of  the  spinal  cord,  expanding  into  a  sujierficial  layer 
on  the  floor  of  the  fourth  ventricle,  and  thence  extending  forward 
around  the  aqueduct  of  Sylvius  and  on  the  vertical  sides  of  the  third 
ventricle,  until  it  terminates  at  tho  infuiidibuluin.  This  is  the  "  gray 
substance  of  the  medullary  canal,''  and  from  it  all  the  nerves  nf  volun- 
tary motion  and  general  sensibility  take  their  origin.  Near  its  upper 
part  there  are  various  additintuil  dejxtsits  of  gray  subn^tance,  the  largest 
of  which  is  the  cerebellum ;  and  beyond  its  up[jer  extremity  is  the 
cerebrum,  containing  the  cerebral  ganglia  at  its  base,  and  expanding 
above  into  the  convolutions  of  the  luiiiispheres.  The  two  berai- 
spheres  are  connected  with  each  other  by  a  broad  transverse  commis- 
sure of  white  enbstniu'c,  the  "corpus  callosum,"  covering  the  latera] 
ventricles  and  the  cerebral  ganglia ;  and  the  two  lateral  halves  oi 
the  cerebellum  are  united  in  a  similar  way  by  the  pons  Varolii. 

The  Ifrngitudioal  cojuiectitms  of  the  ccrebro-spinal  axis  are  the  con- 
tinuations of  the  cuhiujins  of  the  cord.  On  emerging  from  the  tub«'r 
annulare,  under  the  form  of  the  crura  cerebri,  they  enter  the  base  of  the 
brain,  and  meet  at  once  with  tht^  gray  substance  of  the  cerebral  ganglia. 
They  pass  through  aud  In'tween  these  ganglia,  forming  in  this  situation 
the  so-called  "  internal  capsule;''  atid  from  its  upper  border  they  spread 
out  on  each  side  into  an  expanding  crown  of  divergent  fibres,  knowa 
as  the  "corona  radtata."  The  fibres  of  the  corona  radiate  thence  dis- 
perse in  every  direction,  to  reach,  at  last,  the  gray  matter  of  the  cere- 
bral convolutions. 

It  is  by  no  means  certain  that  the  individual  nerve  fibres  are  con- 
tinuous throughout  these  longitudinal  connectiona.  On  the  contrary, 
the  study  of  successive  microseopic  sections,  by  the  best  observers.  hM 
failed  to  show  such  a  direct  continuity  ;  and  it  is  considered  more  prob- 
able that  the  fibres  coming  from  one  portion  of  the  cerebro-epinal  axis 
terminate  in  certain  deposits  of  gray  substance,  and  that  the  connec- 
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tion  is  continued  by  now  iibrurt  oriffinatinnr  from  the*  same  or  adjaccot 
4^11sL     According  to  this  view,  the  lougitiidiual  tracts^  consist  of  tibres 
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railosum. 


which  are  interrupted  in  their  course  by  different  deposits  of  jfray  suIj- 
stance ;  so  that  an  impression  or  impulse  convi-yod  from  one  region  to 
another  ift  not  tho  sani»^  throui>'hoxit,  but  is  modified  in  character  by  the 
nervous  (•etitfi's  which  successively  receive  and  transmit  it.  How  many 
such  interruptions  there  may  be  iu  the  trausmission  of  nervous  impulses 
is  not  known  ;  but  it  must  be  considered  that,  for  ordinary  motor  and 
ftensitive  acta,  there  are.  counting  from  without  inwar^i,  three  succesaivc 
nervous  centres  through  which  lljey  jiass;  namely, 

1st.  The  gray  substance  of  ibe  medullary  canal; 

2d.  The  cerebral  ganglin  at  the  base  of  the  brain ;  and 

3d.  The  convnlutions  of  the  hemispheres. 

There  are  also  three  sets  of  fibres  in  the  longitudinal  connecting 
tracts : 

1st.  The  nerves  and  nerve  roots,  connecting  the  peripheral  oricauK 
with  the  gray  substance  of  the  raedullary  canal ; 

2d.  The  columns  of  the  cord  and  the  crura  cf^rebri,  connecting  the 
gray  substance  of  the  mediiliiiry  caniil  with  the  cerebral  ganglia;  and 

3d.  The  fibres  of  the  corona  radiata,  connecting  the  cerebral  ganglia 
with  the  convolutions  of  the  hemispheres. 

Thus  iK^tweeu  the  cerebral  convolutions  and  the  peripheral  organs 
are  two  intermediate  stations  of  nervous  matter;  namely,  the  cerebral 
ganglia  and  the  gray  substance  of  the  medullary  canal ;  and  when  a 
nervous  impulse  passes  from  the  cerebral  convulutions  to  the  peripheral 
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organs,  or  vice  versd,  three  successive  sets  of  nerve  fibres  take  part  in 
its  transmission. 

In  each  separate  region  of  the  cerebro-spinal  system,  furthermore, 
the  gray  substance  may  act  as  a  nervous  centre,  to  transform  sensitive 
impressions  into  a  motor  impulse,  and  thus  give  rise  to  reflex  action. 
Such  a  reflex  action  may  take  place  in  the  nervous  centre  nearest  the 
periphery,  without  calling  into  operation  any  other  than  its  own  special 
endowments,-  and  without  presenting  any  character  of  consciousness 
or  volition.  But  the  sensitive  impression  may  also  be  transmitted 
through  the  whole  series  of  longitudinal  connections  to  the  cortex 
of  the  brain ;  and  the  motor  impulse  thus  excited  may  pass  in  the 
reverse  direction  through  its  entire  route  to  the  muscles  of  the  limbs. 
The  convoluted  layer  of  gray  substance  in  the  cerebral  hemispheres 
serves  therefore  as  a  great  concave  mirror,  by  which  impressions 
coming  from  without  arc  received  as  conscious  sensations  and  ideas, 
and  reflected  in  the  form  of  intelligent,  voluntary  acts.  To  produce 
this  result,  the  whole  mechanism  of  the  cerebro-spinal  system  is  called 
into  operation,  each  part  acting  in  succession,  to  modify  or  transmit  the 
nervous  impulse. 


I 
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CHAPTER  IV. 
rin:  spinal  cord. 

THE  spiaal  cord  is  that  part  of  tlit»  corebro-spinal  system  contained 
in  the  spinal  canal,  and  wliieh  seiids  its  nerves  to  the  muscles  and 
integument  of  the  trunk  and  ]inibi$.  It  consists  externally  of  white 
gubstance,  forming'  lonpitudinal  tracts  of  nerve  fibres,  the  oontinuationa 
of  whirh  nmkR  eoun*^ction  with  the  l>rain  above ;  and  internally  of  gray 
substance  surrounding  its  central  caniil,  and  occupying  the  interior  of 
its  lateral  halvei-.  It  is  therefore  constituted  to  act  in  a  double  capac- 
ity:  First,  as  a  medium  of  conimuuieatinu  between  the  brain  and  the 
peripht'ral  organs;  and  secondly,  as  an  independent  nerroua  centre, 
with  special  endovviueuls  of  it^  own. 

Arrangement  of  Gray  and  White  Substance  in  the  Spinal  Cord. 

The  relations  of  the  gray  and  white  substance  form  the  necessary 
basis  for  a  physiological  anatomy  of  this  |>art  of  the  nervous  system. 
The  connections  of  the  nerve  fibres  with  the  gray  substance,  and  their 
course  in  the  longitudinal  colunms,  arc  the  most  important  for  this 
purpose.  These  relations  are  not  fully  known  ;  but  much  has  been 
accomplished  in  this  n'spect  b}'  the  examination  of  transverse  and  lon- 
iritudinal  sections  of  the  cord,  either  in  the  fresh  condition  or  after 
the  use  of  hardening  and  staining  preparations.  The  size  and  form 
of  the  cord,  as  well  the  quantity  and  configuration  of  its  white  and 
gray  giibstanee,  vary  much  in  its  different  parts.  In  the  upper  cervical 
region,  it  is  nearly  cylindrical ;  at  the  cervical  enlargement,  it  is 
widened  laterally,  and  flattened  in  an  antrro-posterior  direction ;  in 
the  dorsal  region,  it  again  approximates  the  cylin<lrical  form,  but  is 
reduced  in  size;  its  second  eulurgement  is  at  the  beginning  of  the 
lumbar  region  ;  after  which  it  diminishes  rapidly  to  its  termination. 
It  is  evident  from  an  inspection  of  its  section  surfaces  at  different 
levels,  that  the  Cfrvicnl  and  lumbiir  enlargements  are  mainly  due  to 
an  increased  quantity  of  gray  substance  in  thes«'  regions;  und  that  the 
white  substance,  on  the  whole,  diminishes  gradually  from  above  down- 
ward. This  agrees  with  the  double  physiological  character  of  the  cord; 
its  gray  substance  acting  as  a  nervotjs  centre  for  the  corresponding 
regions  of  the  body,  while  its  white  substance,  al  any  one  point,  rep- 
resents the  tracts  of  communication  for  nerves  given  off  Ijelow. 

The  Gray  Sttbittanrr. — The  gray  substance  in  the  spinal  cord,  as 
elsewhere,  is  a  mixture  of  nerve  cells  and  nerve  fibres,  of  which  the 
nerve  cells  are  the  distinctive  element.     They  are  all  provided  with 
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cell  processes  running  in  various  directions,  most  of  them  ezhibitiiig 
abundant  ramificationH,  while  some  continue  their  course  for  a  cod> 
siderable  distance  undivided,  and  assume  at  last  the  appearance  of 
axis  cylinderij.  The  largest  and  most  remarkaMe  are  situated  in  the 
anterior  horns,  where  they  reach  the  size  of"  from 
67  to  1.^5  mmm.  in  diameter;  many  uf  them 
being  the  largest  known  cells  in  the  nervous 
system.  They  are  mainly  arranged  on  e«<"h  side 
in  three  groups,  namely,  at  the  point,  and  at  the 
external  and  internal  borders  of  the  anterior  horn. 
Throughout  the  dorsal  region  there  is  a  group  of 
similar  cells  at  the  base  of  each  posterior  horn,  known 
as  the  *' column  of  Clarke,''  extending  from  the 
lower  cervical  region  nearly  to  the  lumbar  enlarge- 
ment. Here  these  cells  disappear  as  a  distinct 
jfnmp,  while  those  of  the  anterior  horns  increase 
considerably  both  in  tmmbers  and  size,  Elsewliere 
throughout  the  gray  aubstanoe,  but  especially  ia 
the  posterior  horns,  the  nerve  cells  are  much 
smaller,  but  similar  in  form,  and  provided  with 
branching  prolongations.  The  anterior  and  pos- 
terior horns  are  not  therefore  absolutely  distin- 
guished from  each  other  by  the  size  of  their  nerve 
cells,  but  only  by  the  relative  abundance  of  the 
larger  and  snmllor  varieties;  since  a  few  large  cells 
are  found  in  the  posterior  horns,  and  the  smaller 
cells  exis*t  in  lioth  regions. 

The  nerve  fibres  of  the  gray  substanoe  are,  in 
general,  much  smaller  than  those  of  the  white 
substance,  but  otherwise  present  the  same  ana- 
tomical characters.  Most  of  them  run  horizon- 
tally, in  a  transverse,  antero-posterior,  or  radi- 
ating dirpction.  They  consist,  first,  of  fibres  which 
have  penetralfd  the  gray  substance  from  the  ante> 
rior  and  posterior  nerve  roots ;  secondly,  of  fibres 
which  cross  the  median  line  in  the  gray  commis- 
surt',  both  in  front  and  behind  the  central  canal, 
forming  a  commissural  connection  l>etween  the  two 
lateral  halves  of  the  gray  substance ;  and,  thirdly, 
of  fibres  which  run  in  a  great  variety  of  directions, 
and  of  which  the  origin  and  terminations  are  un- 
known. 

The  Wliite  Substance. — The  white  substance  of  the  spinal  cord  con- 
sists of  nerve  fibres,  the  large  majority  of  which  run  in  a  longitudinal 
direction,  forming  tracts  or  "columns,"  designated,  according  to  their 
situation,  as  the  anterior,  lateral,  and  poaterior  columns  of  thw  cord. 
Id  microscopic  transverse  sections  of  the  cord,  treated  by  hardaning 
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and  F^taining  preparations,  the  longitudinal  fibres  present  the  appear- 
ance of  minute  cylindersi  cut  across;  while  those  which  are  horizontal 
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or  oblique  are  seen  in  profile  for  a  longer  or  shorter  distance  in  the 
section. 

The  anterior  column,  included  between  the  anterior  median  fissure 
and  the  anterior  nerve  roots,  consists  in  great  nieariitro  of  iibrt's  from 
the  anterior  horn  of  gray  substance  on  tJio  opposite  sUh.  The  trans- 
verse band  of  white  substance,  at  the  bottom  of  the  anterior  median 
fissure,  is  known  as  the  white  commiVswre ;  but  this  name  is  not 
entirely  appropriate,  since  the  fibres  in  question  do  not  connect  corre- 
sponding parts  on  the  two  sides.  Those  joining  the  right  anterior 
column  come  from  the  gray  substance  of  the  left  anterior  horn ;  and 
those  which  enter  the  left  anterior  column  come  from  the  gray  sub- 
stance of  the  right  anterior  horn.  The  so-called  white  commissure 
is  therefore  in  reality  a  decussation,  c«>nnocting  the  anterior  columns 
on  each  side  with  the  gray  substance  of  the  opposite  side  of  the  cord. 

The  lateral  column,  occupying  the  space  between  the  antmor  and 
posterior  nerve  roots,  derives  its  fibres  from  two  sources.  First,  from, 
the  whole  external  border  of  the  anterior  horn  and  a  small  part  of  the 
posterior  horn  The  mode  of  origin  of  these  fibres  in  the  gray  sul)- 
stance  is  unknown  ;  but  they  pass  out  from  it  horizontally  and  obliquely 
and  then  Wcome  parallel  with  the  remaining  longitudinal  fibres  of 
the  lateral  column.  Secondly,  from  the  anterior  nerve  roots  j  some  of 
whose  fibres,  after  traversing  the  gray  substance  of  the  anterior  horn, 
pass  out  from  it  in  a  lateral  direction  like  those  just  described,  and  join 
the  lateral  column.  At  each  level,  therefore,  nhhough  the  great  mass 
of  fibres  in  the  lateral  columin  are  longitudinal,  there  are  always  some 
which  are  oblique,  emerging  from  the  gray  substance,  to  become  longi- 
tudinal at  a  higher  point. 
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The  posterior  column,  limited  by  the  posterior  median  fissure  inter- 
nally and  by  the  posterior  nervo  roots  exterually,  also  consists  of  film*? 
from  two  sources — namely,  lirst,  libres  coming  from  the  inner  border 
of  the  posterior  horu,  the  origin  of  which  cannot  be  more  precisely 
determined  ;  and  secondly,  fibres  coming,  through  the  gray  commissure, 
from  the  opponitc  side  of  the  cord.  According  to  Hugucnln,*  the 
posterior  columns  are  formed  altogether  of  these  two  sets  of  fibres, 
and  do  not  receive  any  from  the  posterior  nerve  roots. 

Cf^nnection  of  the  Nerve  Boots  icith  the  Spinal  Cord — The  anterior] 
nerve  roots  enter  the  spinal  cord  in  a  number  of  distinct  bundles,  which 
pass  horizontally  backward  between  the  longitudinal  fibres  of  the  white  J 
substance  and  reach  the  gra;/  subidance  of  the  anterior  horn.  HcreJ 
their  fibres  sprefid  out  in  n  variety  of  directions ;  some  of  thera  passing] 
inward,  some  outward,  and  some  almost  directly  backward.  The  exact | 
tenninatioii  of  these  fibres  has  not  Ijeen  determined,  except  for  a  part 
of  their  number.  All  observers  are  agreed  that  some  of  the  root  fibreij 
are  directly  connected  with  large  nerve  cells  in  the  anterior  bom; 
and  according  to  Huguenln,  ench  one  of  the  three  groups  of  cells  in  i 
tbi^  situation  receives  such  communicating  fibres.  A  secoud  portion] 
of  the  anterior  root  fibres,  described  l)y  Kolliker,t  and  a»?eepted  byf 
others,  after  running  outward  to  the  external  border  of  the  anterior] 
horn,  pass  into  the  white  siiljstuni'e,  and,  turning  upward,  lK*couiej 
part  of  the  longitudinal  fibres  of  the  lateral  eobanin.  A  third  jwrtioo 
still  ia  composed  of  fibres  which  run  directly  backwnrd  toward  thei 
posterior  horn,  but  who.se  termination  is  unknown. 

The  tihreR  of  the  nnstfrior  nerve,  roots  penetrate  the  cord  m  one  oH 
two  principal  bundles,  and  pass  immediately  to  the  gray  snbHtance  of\ 
the  posterior  horn.     Here  some  of  them  curve  inward,  assume  a  trans 
verse  direction,  and  cross  the  median  line,  in  the  gray  commissare,  t< 
the  opposite  side  of  the  cord.     Others  become  lost  in  the  gray  snbatant 
of  the  posterior  horn  and  the  ba.se  of    he  anterior  horn,  without  iis| 
being  possible  to  ascertain  their  exact  destination  ;  since  the  eonuectiot 
of  nerve  fibres  with  nerve  cells  ia  not  seen  in  the  posterior  boms 
Finnlly,  a  third  portion  of  these  fibres,  according  to  KoUiker,  chan; 
their  direction  and  become  longitudinal,  .<till  remaining  in   the  gray 
sub.stance  and  continuing  their  course  in  this  direction  for  an  unknown 
distance. 

The  anterior  and  posterior  nerve  roots,  accordingly,  resemble  eacl 
other  in  one  respect,  namely,  that  their  inmiediate  destination  in  the  cord 
is  the  gra 3'  substance  of  the  corresponding  horns.     But  the  fibres  of 
anterior  root  unite  with  nervo  cells  in  the  anterior  horn,  or  join  tb»J 
longitudinal  tract  of  the  lateral  column;  while  those  of  the  posteriori 
root  show  no  direct  connection  with  nerve  cells,  but  partly  cross  to  the , 


*  Anatomie  d«««  rentres  Norveux.     Parin,  1879,  p.  2R6. 
t  E14ment«  d'Histologie  Humaiup.     Paris,  1868,  p.  344- 
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opposite  aido  in  the  gray  commissure,  and  partly  become  longitudiuat 
in  the  gray  substance  of  the  same  side. 

Connectionfl  of  the  Spinal  Cord  with  the  Brain. 

The  connectioDs  of  the  spinal  cord  with  the  brain  take  place  by  a  con- 
tinuation of  the  fibreij  of  its  longitudinal  columns,  through  the  medulla 
oblongata  and  tuber  annulare.  But  this  continuation  is  not  entirely  a 
simple  one,  since  the  fibres  of  the  various  columns  shift  their  position 
at  the  level  of  the  medulla  oblongata,  and  also  exhibit  at  one  point  or 
another  more  -or  less  complete  decussations. 

Decussation  of  the  Pyraviidtt. — Throughout  the  greater  portion  of 
the  cord,  its  columns  are  formed  almost  exclusively  of  longitudinal 
fibres,  and  each  column,  examiiied  iu  successive  sections,  retains  its 
special  form  and  position.  But  in  the  upper  cervical  region  a  change 
begins  to  show  itself  by  which  the  fibres  from  the  inner  and  posterior 
parts  of  the  lateral  column  are  directed  obliquely  inward  and  forward, 
through  the  base  of  the  anterior  horn  of  gray  matter  and  behind  the 
anterior  column  of  the  same  side.  Above  the  level  of  the  second  cer- 
vical vertebra  this  change  increases  in  extent,  so  that  bundles  of  fibres 
from  the  lateral  column  pass  obliquely  forward  and  upward,  across  the 
median  line,  to  the  opposite  border  of  the  anterior  median  fissure ;  thus 
taking  the  place,  immediately  next  this  fissure,  previously  occupied  by 
the  anterior  column.  As  the 
same   thing   happens   on    both  ^*®'  ^*j^ 

sides,  there  appear,  iu  the  lower 
part  of  the  medulla  oblongata,  at 
the  bottom  of  the  anterior  median 
fissure,  alternating  bundles  of 
fibres,  successively  crossing  from 
left  to  right  and  from  right  to 
left.  This  is  the  decussation  of 
the  anterior  pyramids;  and 
after  its  completion  these  bodies 
sar  as  two  longitudinal  bun- 
next  the  anterior  median 
fissure,  and  running  forward  to 
the  tuber  annulare.  The  ante 
rior  pyramids  accordingly  are 
not  continuations  of  the  ante- 
rior columns  of  the  cord,  although  placed  above  them  in  linear  series. 
Their  fibres  are  derived  mainly  from  the  lateral  columns  of  the  oppo- 
site side;  and  they  form,  in  the  lower  part  of  the  medulla  oblongata, 
a  decussation  which  is  visible  externally  because  it  takes  place  by  distinct 
bundles  of  considerable  size,  alternating  with  each  other  on  the  median 
line. 

This  transfer  of  fibres  from  the  lateral  columns  to  the  anterior  pyra- 
mids, next  the  median  figure,  accounts  for  the  change  in  form  of  the 
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cord  while  passing  from  the  cervical  region  to  the  medulla  ohlongsta. 
At  the  cervical  enlarg-ernent  m  the  lower  part  of  the  neck  (Fijf.  102,  II.) 
the  cord  is  very  wido  transversely,  owing  partly,  no  doubt,  to  the  root 
fibres  of  the  great  nerves  of  the  brachial  plexus,  which  have  joined  ihu 
lateral  columns  after  traversing  the  gray  substance  of  the  anterior^ 
horn.     But  at  the  up|)er  extremity  of  the  cord  (Fig.  102,  L)  its  tniat»-| 
veree  diameter  diminishes  and  its  antero-poiiterior  diameter  increaso.'*fj 
since  some  of  its  fibres  have  left  the  lateral  column  to  reach  an  anterior' 
position  on  the  opposite  side. 

Beside  the  decussating  fibren  of  the  pyramids  derived  from  the  lateral 
columns  of  the  cord  there  are  others  which  come  from  the  posterior 
columns  and  the  posterior  horna  of  gray  substance.  The  change  in 
direction  of  these  fibres  takes  place  at  a  little  higher  level  than  that 
just  described.  It  forms  the  upper  portion  of  the  decussation  uf  the 
pyramids.  The  fibres,  after  leaving  the  posterior  columns  ami  hofD?', 
run  forward  and  inward,  cro.?s  the  median  line  obliquely,  like  the  pre- 
ceding, and  then  join  the  anterior  pyramids,  forming  their  deeper  and 
more  lateral  portions.  As  the  pyramids  reach  the  tul>er  annulare, 
therefore,  they  are  coniposed  superficially  and  toward  the  median  line 
of  fibres  from  the  opposite  lateral  columns  of  the  cord ;  while  their 
deep-seated  and  external  fibres  come  from  the  opposite  po.storior  col- 
umns  and  horns. 

The  further  continuation  of  the  anterior  pyramids  Is  through  the 
tuber  annulare  into  the  crura  cerebri,  of  which  they  form  the  lower- 
most or  superficial  portion.  This  part  of  the  crus  cerebri,  which  ia  that 
visible  at  the  ba.se  of  the  brain,  sends  its  fibres  mainly  forward,  upward, 
and  outward,  into  the  substance  of  the  corpus  striatum.  But  accord- 
ing to  Huguenin  a  portion  of  tlie  fibres  on  it^  external  border,  repre- 
senting those  which  have  come  from  the  posterior  columns  and  homfi, 
pass  behind  the  cerebral  ganglia  to  reach  the  convolutions  of  the  oc- 
cipital lobf, 

Ifecp-seated  Fortion  of  the  Crura  Cerebri. — The  deep-seatod  or 
uppermost  portion  of  the  crura  cerebri,  is  formed  of  fibres  from  ti« 
anterior  columns  of  the  cord,  and  from  the  anterior  part  of  the  lateral 
columns.  The  anterior  columns  of  the  cord  are  contiguous  lu  the 
median  fissure  until  their  place  is  tnkfn,  as  above  descrilied,  by  th« 
obliquely  decussating  bundles  of  the  anterior  pyramids.  In  the  me- 
dulla oblongata,  they  thus  come  to  be  placed  farther  outward  and 
backward,  imd  In  passing  through  the  tuber  annulare  they  occupy  a 
deeiKseatcd  position  in  its  interior.  Thence  they  run  forward  in  the 
upper  or  deep-seated  portion  of  the  crura  cerebri,  and  pass  to  the  optic 
thalami.  The  remaining  fibres  of  the  lateral  column,  which  have  not 
taken  part  in  the  formation  of  the  pyramids,  continue  their  course 
upward,  pass  through  the  medulla  oblongata  and  tuber  annulare,  and, 
finally,  joining  the  deep-seated  portion  of  the  crura  cerebri,  reach  in 
this  way  the  optic  thalami. 

Inferior  Fedunelea  of  the  Cerebellum, — The  inferior  pedunrles  of 
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the  wrclwllum,  or  the  "rostiform  bodies,"  are  continuations  from  the 
main  part  of  the  po-jterior  columns  of  the  cord.  As  these  columns 
diverge  from  <'ach  other  at  the  medulla  oblongata,,  leaving  betwetMi 
thi'm  the  space  of  the  fourth  ventricle,  they  present  the  sufK.'rficial 
ap|)earance  of  passing  directly,  on  each  aide,  from  the  cord  to  the  cere- 
bellum. But  while  all  admit  thnt  a  portion  of  each  restiform  body  is 
derived  from  the  posterior  coluum  of  the  cord,  obaerverB  differ  as  to 
which  portion  is  so  derived  ;  and  according  to  the  views  of  Clarke  and 
Meynert,*  the  greater  part  undergo  decussation  in  the  interior  of  the 
medulla  oblongata,  so  that  the  restiform  body  of  the  right  side  is 
formed  nf  fibres  from  the  left  posterior  cohinin,  and  cioe  t^erm. 

The  connections  of  the  spinal  cord  with  the  brain,  so  ffir  us  they  aro 
known  with  certainty,  may  Ix;  accordingly  stated  as  follows: 

1.  The  gri-'ater  jiart  of  the  lateral  columns,  and  a  portion  of  the  pos- 
terior columns,  after  bilateral  decussation,  form  the  anteriur  pyramids, 
which  are  continued  in  the  superficial  portion  of  the  crura  cerebri  to 
the  corpora  striata. 

2.  The  remainder  of  the  lateral  columns,  together  with  the  anterior 
nilrmms,  pass  by  the  deep-seated  portion  of  the  ci'ura  cerebri  to  the 
optic  thalami. 

3.  The  main  portion  of  the  posterior  columns,  perhaps  after  decus- 
sation in  the  medulla  oblongata,  appear  in  the  restiform  bodies,  and 
thus  reach  the  cerebellum. 

Transmission  of  Motor  and  Sensitive  Impulses  in  the  Spinal  Cord  and 

Nerves. 

The  methods  adopted  for  determining  the  functions  of  particular  tracts 
of  the  nervous  system  are  twofold  ;  first,  by  apphing  an  artificial  stim- 
ulus to  the  nerve  or  nervous  tract,  and  observing  the  effect  produced ; 
secondly,  by  observing  what  nervous  function  is  abolished  when  the 
tract  is  divided  or  destroyed.  In  the  peripheral  nerves,  which  are 
simply  organs  of  transmission,  both  these  methods  yield  definite  results. 
In  the  central  parts,  they  are  sometimes  complicated  by  the  mutual  rela^ 
tions  of  the  gra}*  and  white  substances. 

Motor  and  Setisitire  TranRmi^ston  in  the  Sjnnal  AVnvs  and  Neroe 
Boots, — If,  in  a  living  animal,  a  mechanical  or  galvanic  stimulus  be 
applied  to  the  anterior  root  of  a  spinal  nerve,  the  effect  of  this  irrita- 
tion is  a  convulsive  movement  of  the  part  to  which  the  nerve  is  dis- 
tributed. The  muscular  action  is  instantaneous,  involuntary,  and 
momentary  in  duration :  and  it  is  repeated  with  mechanical  i)recision 
each  time  the  stimulus  is  ap[)Hed.  It  is  usually  unaccompanied  by  any 
indication  of  sensibility,  and  it  is  evidently  a  direct  result  of  the  excite- 
ment of  the  anterior  root.  This  root  is  therefore  said  to  be  "  excitable,'* 
because  its  irritation  excites  a  movement  in  the  corresponding  parts. 

Furthermore,  if  the  anterior  root  of  a  spinal  nerve  be  divided,  while 
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the  remaining  nervous  connections  are  left  untouched,  the  result  is  an 
immediate  and  total  paralysis  of  voluntary  movement  in  the  muscles 
to  which  that  nerve  is  distributed.  At  the  same  time,  the  power  of 
sensibility  is  undiminished,  and  the  animal  is  still  capable  of  feeling 
the  contact  of  foreig-n  bodies  or  a  galvanic  current  applied  to  the  skin. 
If  the  anterior  roots  of  a  series  of  spinal  nerves  be  thus  divided,  as, 
for  example,  those  of  all  the  lumbar  and  sacral  nerves  ou  one  side,  the 
above  effect  will  be  produced  for  the  entire  corresponding  region  of  the 
body,  and  the  whole  posterior  limb  on  that  side  will  lose  the  power  of 
voluntary  motion  while  retaining  its  sensibility.  This  is  not  due  to 
any  loss  of  physiological  properties  in  cither  the  nerve  or  the  muscles, 
since  irritation  of  the  nerve  or  nerve  root,  outside  the  point  of  section, 
still  produces  muscular  contraction  as  before.  All  these  facts  prove 
that  the  path  by  which  impulses  for  voluntary  motion  pass,  from  the 
spinal  cord  to  a  muscle,  is  exclusively  the  anterior  root  of  the  spinal 
nerve. 

On  the  other  hand,  if  the  posterior  root  be  irritated,  a  sensation  is 
produced,  more  or  less  acute,  according  to  the  amount  and  quality  of 
the  irritation.  This  sensation,  when  of  a  certain  intensity,  is  accom- 
panied by  movements.  But  these  movements  are  of  a  reflex  character, 
and  not  necessarily  confined  to  the  part  to  which  the  nerve  is  distrib- 
uted ;  and  if  the  corresponding  anterior  root  have  been  divided,  this 
part  will  remain  motionless,  while  muscular  contractions  continue  to 
be  produced  elsewhere.  Such  movements,  accordingly,  are  not  pro- 
duced directly  by  irritation  of  the  posterior  root,  but  are  caused  indi- 
rectly by  the  reaction  of  the  nervous  centres.  The  only  immediate 
result  of  irritation  of  a  posterior  nerve  root  is  a  sensation,  and  this  root 
is  therefore  said  to  be  "  sensitive." 

Moreover,  if  the  posterior  root  bo  divided,  the  consequence  is  a  loss 
of  sensation  in  the  corresponding  region  of  the  body.  This  is  due 
simply  to  the  rupture  of  communication  between  the  integument  and 
the  nervous  centres ;  since  irritation  of  that  part  of  the  divided  nerve 
which  is  still  attached  to  the  spinal  cord  produces  a  sensation  as  before. 
The  posterior  root  of  the  spinal  nerve  is,  therefore,  in  this  part  of  the 
nervous  system,  the  exclusive  channel  of  transmission  for  sensitive 
impressions. 

But  beyond  the  situation  of  the  spinal  ganglia,  the  two  roots  unite 
in  a  common  trunk.  Here,  the  fibres  of  the  anterior  and  posterior 
roots  become  so  intermingled  that  thev*can  no  longer  be  separately 
irritated  by  artificial  means.  They  pass,  still  associated  in  this  manner, 
into  the  branches  and  subdivisions  of  the  nerve ;  and  only  separate  from 
each  other  again  at  its  terminal  ramifications,  where  the  sensitive  fibres 
are  distributed  to  the  integument  and  the  motor  fibres  to  the  muscles. 

A  spinal  nerve,  therefore,  in  its  trunk  and  jwripheral  branches,  con- 
tains both  sensitive  and  motor  fibres,  and  is  consequently  a  "  mixed  " 
nerve.  It  is  both  excitable  and  sensitive,  since  its  artificial  irritation 
causes  at  the  same  time  sensation  and  movement ;  and  if  it  be  divided. 
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the  injury  is  followed  by  loss  of  both  sensibility  and  voluntary  motion 
in  the  correspondinir  parts.  It  is  also  an  iniporiant  fact  that,  in  these 
instances  of  seetion  of  the  trunk,  branches,  or  roots  of  a  spinal  nerve, 
the  consequent  loss  of  sensibility  or  motion  is  persistent,  so  long  aa  the 
iiyury  lasts.  The  nervous  functions  are  not  restored  until  the  divided 
nerve  fibres  have  pone  through  with  the  process  of  defeneration  and 
regeneration,  and  have  asrain  a<'quiri'd  their  natural  continuity  of  text- 
ure. This  shows  tl»at  the  suspension  of  functional  activity  is  diro<:!tly 
due  to  the  injury  of  the  nerve  fibres,  and  not  to  the  syuiputbetic  action 
of  other  parts. 

Centripetal  and  Cenfrifurinl  Derjeneration  of  fli>n<1ed  Nen'e  Fibres. 
— The  degeneration  of  nerve  fibres  in  a  divided  spinal  nerve  (page 
353)  takes  place,  below  tiie  point  of  section,  throughout  the  peripheral 
portion  of  its  trunk  niid  branches,  while  its  centra!  portion,  above  the 
point  of  section,  remains  unaltered  (Pig.  105,  A).  In  this  peripheral 
degeneration,  all  the  fibres  of  the  nerve,  both  sensitive  and  motor,  are 
involved;  and  it  is  consequently  plain  that  in  both  kinds  their  separa^ 
tion  from  the  nervous  centre  has  produced  a  disturbance  of  nutrition 
resulting  in  atrophy.  Such  a  degeneration  is  "  centrifugal ;"  that  is,  it 
affects  the  nerve  fibres  from  the  point  at'  section  outward.  This  ex- 
pression does  not  imply  a  gradual  extension  of  the  process  in  that 
direction,  since  we  know  that  in  reality  (page  354)  it  advances  with 
the  same  rapidity  throughout;  but  it  indicates  the  fact  that,  after 
division  of  a  spinal  nerve,  it  degenerates  between  the  point  of  section 
and  the  periphery,  and  not  toward  the  nervous  centre. 

If  the  section  be  made,  not  upon  the  trunk  of  the  nerve,  but  upon 
its  anterior  root  above  its  junction  with  the  posterior  root,  the  same 
result  takes  place  :  that  is,  the  divi<led  fibres  degenerate  in  a  centrifugal 
direction,  while  that  portion  of  the  nervt-  root  still  connected  with  the 
hpinal  cord  remains  unaltered  (Fig.  105,  B).  But  in  this  case  it  is  only 
the  motor  fibres  in  the  nerve  trunk  which  suffer  degeneration  ;  its  sensi- 
tive fibres,  derived  from  the  posterior  root,  are  not  affected.  After 
fiiuch  a  division,  the  degenerated  motor  fibres  njay  be  distinguished,  in 
the  nerve  trunk  and  branches,  from  the  unaltered  sensitive  fibres 
with  which  they  are  associated ;  and  even  after  its  inosculation  with 
other  nerves  and  subsequent  ninjification,  the  degenerated  fibres  belong- 
ing to  the  original  nerve  root  may  be  recognized  by  their  microscopic 
apfK'orance.  The  degeneration  or  immunity  of  these  fibres,  therefore, 
depends  on  the  severance  oi'  the  preservation  of  their  connection  with 
the  spinal  cord. 

But  if  the  section  be  made  ou  the  )X)»terior  nerve  root,  lietween  ita 
ganglion  and  the  spinal  cord,  the  effect  is  reversed  (Fig.  105,  C).  In  this 
instance  the  portion  of  nerve  root  attached  to  the  ganglion  remains 
analtered  ;  that  which  is  connected  with  the  cord  suffers  degeneration, 
and  the  degenerated  fibres  can  be  traced  to  their  entrance  into  the  gray 
substance  of  the  posterior  horn.  This  degeneration  is  therefore  "cen- 
tripetal," Bince  it  takes  place  between  the  point  of  section  and  the  spinal 
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cord.  The  fibres  of  the  posterior  root  degenerate  wherever  thej  are 
separated  from  connection  with  the  ganglion;  and  if  the  ganglion 
be  excised,  they  degenerate  in  both  directions ;  namely,  inward  to  the 
spinal  cord  and  outward  to  the  i)eriphery  (Fig.  105,  D). 


Fio.  105. 


Droenebation  op  Spinal  Nerves  a^cd  Nebve  Aoots  after  Section.— A.  Section  of  Kerve 
Trunk  beyond  the  Ganglion.  B.  Section  of  Anterior  Koot.  C.  Section  of  Poaterior  Root.  D. 
Excision  of  Ganglion,    a.  Anterior  Root ;  p,  Posterior  Root ;  g,  Ganglion. 


The.se  facts,  first  discovered  by  Waller,*  have  since  been  confirmed  by 
all  observers.  They  show  that  the  nutrition  of  the  anterior  and  poste- 
rior nerve  roots  is  connected  with  different  centres;  since  the  fibres  of 
the  anterior  root  degenerate  when  separated  from  the  gray  substance 
of  the  anterior  horn,  while  those  of  the  posterior  root  degenerate  when 
separated  fi*om  the  spinal  ganglion.  Such  points  are  designated  as 
"  trophic  centres,"  or  centres  of  nutrition  for  the  nerve  fibres  con- 
nected with  them;  indicating  that  the  fibres  preserve  their  normal 
structure  so  long  as  this  connection  is  retained,  and  degenerate  when 
it  is  cut  ofi". 

The  nature  of  this  relation  between  nerve  fibres  and  their  centres 
is  unknown.  We  cannot  assume  that  the  nutrition  of  the  fibres  is 
immediately  derived  from  the  cells  of  the  gray  substance ;  since  although 
the  fibres  of  a  divided  nerve  degenerate  in  the  part  separated  from  Us 
centre,  they  are  afterward  regenerated  by  a  process  taking  place,  so 
far  as  we  know,  in  the  nerve  itself  (page  355).  But  it  is  a  relation  of 
great  physiological  importance,  and  extends  to  considerable  tracts  of 
white  substance  in  the  brain  and  spinal  cord. 

Motor  and  Sensitive  Transmission  in  the  Spinal  Cord. — The  sim- 
plest fact  determined,  in  this  respect,  both  by  experimental  research 
and  pathological  observation,  is  that  the  spinal  cord  is  the  exclusive 
organ  of  communication  between  the  brain,  on  the  one  hand,  and  the 
external  organs  of  sensation  and  motion,  on  the  other ;  since  if  it  be 
divided  by  a  transverse  section,  compressed  by  fractured  bone,  or  dis- 
organized by  disease  at  any  part  of  its  length,  the  result  is  a  complete 
loss  of  sensibility  and  voluntary  motion  below  the  point  of  injury.    The 


*  C!ompte8  Bendus  de  1' Academic  des  Sciences.    Paris,  1851,  tome  xxxiii.,  p.  606; 
and  1852,  tome  xxxiv.,  p.  524. 
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general  nervous  function,  performed  by  the  cord  as  u  whole,  is  there- 
fore completely  demou8trated,  and  i?  not  subject  tu  any  doubtful  iuter- 
profation. 

But  the  preci-se  paih  followed  by  motor  and  sen-^itive  imputes  in  the 
Bpiaal  cord  is  much  loss  easy  of  detormiuation  than  io  the  uerve  roots. 
Tbn  methods  of  investigation  arc  the  same  in  both  instances;  and  are 
intended  to  ascertain,  firiit ;  What  parts  of  the  spinal  curd  are  sensitive 
or  excitable  under  the  application  of  artificial  stimulus  ?  ami  secondly ; 
What  parts  are  the  natural  ehaunels  of  transmission  for  sensation  and 
motion?  The  latter  nuestiou  is  the  more  important  in  a  purely  physi- 
ological point  of  view ;  but  tlie  former  is  also  of  consequence  as  a 
guide  in  expfriiuental  research,  and  also  for  the  explanatiou  of  patho- 
logical phenomena. 

I.  What  par  1 8  of  the  Spinal  Cord  are  sensitive  or  excitable  under 
the  injiuence  of  artificial  stimulus  f 

The  first  portions  of  the  cord  which  present  themselves  after  opening 
the  spinal  canul  are  the  posterior  columns.  The  irritation  of  these 
columns  by  artificial  stimulus,  according  to  all  observers,  produoee 
eigns  of  sensibility.  This  sensibility  in  most  marked  in  the  immediate 
neighborhood  of  the  ]>osterior  nerve  roots;  while  at  the  greatest  dij*- 
tance  from  this  point,  next  the  median  line,  it  may  be  nearly  abaent. 
It  is  evident  that  the  sensibility  of  the  posterior  columns  is  largely 
due  to  fibres  of  the  posterior  nerve  roots,  many  of  which  traverse  the 
outer  portion  of  these  colunms  in  their  passage  toward  the  posterior 
horns  of  gray  sulistance.  The  only  discrepancy  on  this  subject  is  in 
regard  to  the  question  whether  the  nerve  roots  are  the  only  sources  of 
sensibility  for  the  posterior  columns,  or  whether  the  loup:itu<liual  fibres 
of  the  columns  have  also  a  sensibility  of  their  own.  Irritation  of  the 
posterior  columns,  like  that  of  sensitive  tracts  generally,  sometimes  pro- 
duces movements  in  various  parts ;  but  these  movi-inonts  are  reflex  in 
character,  and  are  the  signs  of  an  irritation  communicttted  to  the  ner- 
vous centres. 

Si^nsibility  also  exists,  according  to  Vulpian,  in  that  portion  of  the 
lateral  columns  contiguous  to  the  posterior  nerve  roots.  But  as  the 
irritation  is  applied  to  points  farther  forward,  the  signs  of  sensibility 
rapidly  diminish,  uiid  soon  disappear  altogether.  In  all  these  parts,  of 
both  posterior  and  lateral  columns,  the  sensibility  is  most  marked, 
«r  even  exclusively  situated,  in  their  superficial  |>ortions;   and  exi>eri- 

enlers  are  geuLTuUy  agreed  that  the  ^ray  substance  of  the  cord, 
throughout,  is  destitute  of  sensibility  under  the  application  of  artificial 
Btiuiulus. 

Whatever  minor  jwints,  therefore,  may  remain  in  doubt,  the  principal 
fact  is  unquestioned,  namely,  that  the  posterior  parts  of  the  spinal 
cord,  consisting  of  the  posterior  columns  and  the  adjai^ent  half  of  the 
hileral  columns,  are  sensitive  to  irritation,  es{>ecially  at  their  surface; 
and  accordinjfly  inflammation  of  the  meninges,  or  other  diseased  action 
in  this  locality,  may  be  accompanied  J»y  painful  irritation  of  the  spinal 
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cord.  The  irritation  thus  produced  is  still  more  liable  to  cause  pain,  on 
account  of  the  attachment  at  the  surface  of  the  cord  of  the  posterior 
nerve  roots,  which  are  themselves  acutely  sensitive. 

The  properties  shown  by  the  anterior  columns  on  the  application  of 
artificial  stimulus  are,  on  the  whole,  quite  different  fi*om  those  of  the 
posterior  columns.  There  is  some  difference  in  the  results  obtained 
in  this  respect  by  experimenters.  This  difference  mainly  consists  io 
the  fact  that,  according  to  the  large  majority  (Magendie,  Longet 
Bernard,  Brown-S^uard,  Vulpian,  Flint),  irritation  of  the  anterior 
columns  produces  convulsive  movement  in  the  parts  below ;  while  others 
(Calmeil  and  Chauveau)  have  found  these  columns  inexcitable.  But 
in  such  instances  experiments  with  a  positive  result  are  more  decisive 
than  those  which  are  negative,  since  the  excitability  of  the  anterior 
columns  might  be  suspended  by  opening  the  spinal  cord,  or  by  other 
incidental  conditions ;  but  nothing  of  this  kind  could  confer  upon  them 
a  property  which  they  did  not  naturally  possess. 

There  can  be  no  doubt,  accordingly,  of  the  excitability  of  the  anterior 
columns.  This  excitability,  while  producing  convulsive  movements  in 
the  parts  below,  is  in  most  instances  unaccompanied  by  sensibility. 
The  absence  of  pain,  in  cases  where  the  convulsive  action  is  well 
marked,  has  been  especially  noticed  by  Flint,*  and  is  mentioned  by 
various  other  writers. 

The  sensibility  of  these  parts,  sometimes  observed,  is  slight  in  degree, 
and  is  frequently  suspended  or  abolished  by  exposure  of  the  spinal 
cord. 

The  lateral  columns  are  also  excitable  in  their  anterior  portions,  near 
the  anterior  nerve  roots ;  while  toward  their  posterior  portions,  accord- 
ing to  Vulpian,  the  excitability  dinlini^?he^^,  and  gradually  gives  place 
to  the  phenomena  of  sensibility  characteristic  of  the  posterior  parts  of 
the  cord. 

The  anterior  and  posterior  portions  of  the  cord  are  therefore  distin- 
guished, in  great  measure,  by  their  mode  of  reaction  toward  external 
irritation.  The  anterior  and  lateral  columns,  on  each  side  of  the  ante- 
rior nerve  roots,  are  excitable,  and  produce  movement  on  being  irri- 
tated ;  and  both  the  posterior  and  lateral  columns,  near  the  entrance  of 
the  posterior  nerve  roots,  are  endowed  with  sensibility.  Inflammatory 
or  other  irritation  of  the  meninges,  over  any  part  of  the  anterior 
aspect  of  the  cord,  may  accordingly  cause  convulsive  movement  in  the 
limbs  below ;  and  either  pain  alone  or  convulsions  alone  may  be  the 
symptoms  of  inflammatory  irritation  of  the  posterior  or  anterior  por- 
tions of  the  cord  respectively.  But  the  morbid  action  most  frequently 
extends  to  both  regions,  and  disturbances  of  sensibility  and  motion  aro 
present  at  the  same  time,  or  at  different  periods  in  the  disease. 

II.  What  parts  of  the  Spinal  Cord  are  the  natural  channel*  for 
sensation  and  movement  ? 


*  Physiology  of  Man ;  Nervous  System.    New  York,  1872,  p.  276. 


THE    SPINAL    CORD. 


39$ 


This  qTiestioD  cannot  be  settled  by  applying?  an  artificial  stimulus 
to  various  parts  of  the  cord.  Such  experiments  can  only  determine 
the  sensibility  or  excitability  of  a  nervous  tract,  but  not  its  function 
as  a  channel  of  transmission.  A  nervous  tract  might  be  sensitive  to 
external  irritation,  and  yet  the  natural  impulses  of  senhiation,  comiu).^ 
from  the  periphery,  mijrht  follow  a  different  route.  On  the  other  hand, 
a  part  might  be  capable  of  trani^mitting  impulses  of  sensation  or  motion, 
received  frora  corresponding  nerve  fibres,  and  yet  might  not  itself  be 
either  excitable  or  sensitive.  In  the  peripheral  nerves  and  nerve  roots, 
the  two  seta  of  properties  coexist.  The  postexior  roots,  which  trans- 
mit senBation,  are  themselves  sensitive;  and  the  anterior  roots,  which 
transmit  the  stimulus  of  motion,  are  excitable.  But  although  these 
properties  are  connected  in  the  nerves  and  nerve  roota,  they  are  not 
necessarily  so  in  the  nervous  centres;  and  investigation  shows  that 
in  the  spinal  cord  they  are  often  independent  of  each  other. 

The  only  experimental  method  of  ascertaining  the  natural  path,  in 
the  spinal  cord,  for  sensitive  and  motor  impulses  respectively,  is  to 
divide  or  destroy  different  portions  of  the  cord,  and  to  observe  which 
of  these  injuries  is  followed  by  the  loss  or  preservation  of  sensation  or 
movement.  Even  these  experiments  are  not  always  decisive;  since 
different  parts  of  the  white  and  gray  substance  are  liable  to  influence 
each  other  by  sympathetic  action.  If  division  of  one  column  of  the 
spinal  cord  be  followed  by  loss  of  sensibility,  we  cannot  at  once 
assume  that  the  column  in  question  is  the  organ  of  its  transmission; 
because  the  loss  of  sensibility  may  be  temporary,  and  due  to  the  shock 
inflicted  upon  neighboring  parts.  The  most  decisive  experiments, 
accordingly,  for  determining  the  channels  of  sensation  and  motion  in 
the  spinal  cord,  are  those  in  which  these  functions  have  remained, 
notwithstanding  the  destruction  of  certain  parts  of  the  cord. 

By  investigating  in  this  way  the  channels  for  sensation  in  the  spinal 
conl,  the  first  fact,  demonstrated  in  such  a  manner  as  to  be  generally 
accepted,  is  that  after  division  of  the  posterior  columns  the  power 
of  sensibility  is  umliminished,  and  the  animal  continues  to  feel  im- 
pressions made  upon  the  int<?gument  of  the  corresponding  parts.  This 
result,  which  was  obtained  by  several  of  the  older  .'experimenters,  is 
fVilly  confirmed  by  the  observations  of  Brown-Sequard*  and  Vulpian.f 
The  posterior  columns  therefore  are  not  the  channels  for  ordinary  sen- 
sitive impressions,  notwithstanding  their  own  sensibility  to  artificial 
irritation.  The  converse  of  this  experiment,  namely,  transverse  division 
of  all  parts  of  the  cord  excepting  the  posterior  columns,  as  j>erformed 
by  the  same  observers,  is  followed  by  complete  lo^a  of  the  power  of 
sensation. 

On  the  other  band,  if  both  the  anterior  and  lateral  columns  of  white 


*  Phjrsiology  and  Pathology  of  the  Central  Nervoad  STBtem. 
1860,  p.  19. 
t  Syst^mc  Nenreux.    Paris,  186C,  y.  373. 
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8Ql>8taDcc  be  divided,  leaving  only  the  posterior  columns  and  the  {rrayj 
Bubetance,  sensibility  reniainH;  and  Brown-Soquard  has  varied  the  mod 
of  procedure  by  dividing  both  anterior,  lateral,  and  posterior  colutnt 
in  the  same  animal  at  different  levels,  so  that  the  continuity  of  tl 
cord  as  a  whole  is  preserved  by  the  gray  substance,  while  aU  the  louj 
tudinal  tracts  of  white  substance  are  divided.  In  this  case  sensibilit 
remains,  althoutrh  diniinia^hed  in  intensity. 

The  transmission  of  sensitive  impressions,  therefore,  take,«  plac 
through  the  gray  substance.  This  substance,  which  h  itself  innensibli 
to  direct  irritation,  forms  the  medium  of  communication  between  tl 
peripheral  sensitive  nerves  and  the  brain  above.  It  is  not  knoi 
whether  this  communication  be  made  by  longitudinal  fibres  ronnii 
continuously  through  the  gray  substance,  or  by  successive  connectioi 
of  the  nerve  cells. 

The  channels  for  voluntary  motion  in  the  spinal  cord  are  mainly 
the  posterior  part  of  the  lateral  columns.     These  tracts  have  been  shown 
(page  385)  to  be  continuous  at  the  medulla  oblongata  with  the  anterior, 
pyramids  and  their  prolongations  above.     They  are  therefore  kno\ 
as  the  "  pyramidal  tracts ;"  and  they  form  the  medium  of  communic 
tiou  between  the  bniiu  and  the  origin  of  the  motor  nerves  in  the  graj 
substance  of  the  spinal  cord.     This  has  been  established  by  a  variet 
of  investigations,  carried  on  by  different  methods.     It  is  certain,  in  tl 
first  place,  that  the  posierior  columns  lake  no  direct  part  in  the  act 
voluntary  motion,  since  after  their  complete  siction  this  power  remail 
tmimpatred ;  and  according  to  Brown-Sei|uard,  if  all  the  rest  of  the  coi 
be  divided,  leaving  the  posterior  columns  untouched,  voluntary  moti( 
is  lost  in  the  parts  below.     There  remain  therefore  only  the  later 
and  anterior  column.s  of  white  substanct'  which  can  serve  as  traetd 
communication  for  voluntary  impulses. 

This  question  has  received  further  elucidation  from  the  stndy  ofj 
secondary  degenerations  in  the  spinal  cord,  first  observed  by  Tiircli 
in  1851.     These  degenerations  are  siniilnr  to  those  of  the  spinal  nerv< 
and  nerve  roots,  when  separated  from  their  trophic  centres.     They  tak 
place,  both  in  the  brain  and  spinal  cord,  in  consequence  of  the  destructit 
by  a  primary  disorder,  of  certain  nerve  centres  or  the  intervening  partaj 
and  they  arc  therefore  known  as  "  secondary  "  degenerations.     Th« 
extend  for  long  distances  through  the  cerebro-spinal  axis,  involvii 
the  tracts  connected  with  the    part  primarily  diseased;    and   the! 
degenerated  tracts  can  then  be  distinguished  from  the  healthy  white 
substance  by  which  they  are  surrounded. 

As  in  the  nerves  and  nerve  roots,  secondary  degenerations  in  tl 
spinal  cord,  may  be  ascending  or  descending.    Ascending  degeneratioi 
are  those  which  extend  from  the  primary  lesion  upward  to  the  brain' 
and  are  therefore  centripetal.     Descending  degenerations  extend  from 
the   point  of  lesion  downward  through  the  cord,  and  are   therefore 
centrifugal. 
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Destructive  legions  iu  certain  parts 
by  Uescouding  aecondary  degenerations, 
through  the  crura  cerebri,  the  anterior 
pyramids,  and  the  posterior  parts  of  the 
lateral  columns  of  the  cord,  that  is  through 
the  entire  leniurth  of  the  pyramidal  tracts. 
Such  a  condition  causes  paralysis  of  volun- 
tary movement,  without  diminishing  the 
power  of  sensibility.  If  the  degeneration  be 
confined  to  one  lateral  half  of  the  spinal 
cord,  paralysis  exists  only  on  that  side  ;  if  it 
be  bilateral  both  sides  of  the  body  are  para- 
lyzed. Similar  descending  degeneratious 
may  take  place  from  any  point  where  a 
lesion  exists  in  the  pyramidal  tracts,  and 
according  to  Charcot  *  thu.-<e  tracts  may 
also  be  aftected  by  a  primary  alteration 
throughout  their  extent  in  the  medulla  ob- 
longata and  spinal  cord. 

As  the  pyramidal  tracts,  in  descending 
through  the  medulla  oblongata,  reach  the 
decussation  of  the  pyramids,  a  portion  of 
their  fibres  i?  continued  ui><>n  the  same 
side  of  the  median  line,  forming  a  narrow 
band  on  the  inner  bnrder  of  the  anterior 
column.  These  bauds  are  the  Columns  of 
Turcli(¥ig.  106,  Section  I.).  They  rapidly 
diminish  in  size  from  above  downward, 
and  in  man  come  to  a  termination  in  the 
lower  part  of  the  cervical  region.  The 
greater  part  of  tht*  j»yraiuidal  tract  crosses 
the  median  line  at  the  decussation  of  the 
pyramids  to  the  opposite  side,  and  is  thence 
traceable  quite  to  the  lower  extremity  of 
the  cord.  In  the  cervical  reijion  it  occupies 
most  of  the  lateral  column,  but  in  the 
dorsal  region  is  confined  to  its  posterior 
half,  and  in  the  lumbar  region  is  still  further 
reduced.  Its  fibres  no  donlit  leave  it  at 
successive  points  from  above  downward, 
to  eater  the  gray  substance  of  the  anterior 
horn. 

The  preceding  facts  are  derived  from 
pathological  analouiy.     But  similar  results 


of    the  brain  are  followed 
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SpniAi,  Cokd;  shotrlag  degeiter- 
ktlon  of  the  PTTunidal  Tncta; 
from  s  patient  with  bilateral 
panlyais.  M'harcoi.)  I.  t-"pj>t>r 
purl  of  Curvical  EnUrgcmeot.  tl. 
Lower  Cerrlcal  Regioa.  IIL  Dor- 
sal Region,  rv.  Lumliar  En-. 
lArgement.  Tbo  degenerated  |>or- 
Uoni  an  ahaded  In  transv<irM 
lines.  IQ  8«cUoD  L,  Ibo  Columu 
of  Tflrck  an  Tiribleat  the  lDu«r 
edge  of  the  anterior  colunms. 


*  Le90Ds  sur  lis*  Maladies  du  Sveldoie  Nerveux.     Paris,  1877,  tome  ti.,  p.  219. 
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have  been  obtainpd  by  Schieffenlecker*  in  dogs  after  section  of  Ibe 
spinal  cord  in  toe  dortial  region,  with  consequent  paralysis  of  the  poste- 
rior  limbs.  The  dcp-eneratiou  of  the  pyramidal  tracts  in  these  cases 
was  constant,  and  always  in  a  dewendinjr  direction,  from  the  poii 
section  to  the  lower  extremity  of  the  cord. 

Finally,  in  the  experiments  of  Woroschilnfff  on  the  rabbit,  the 
tion  of  the  pyramidal  tracts  in  tlie  lateral  columns  was  investipntt 
by  partial  sections  of  the  Kpinal  cord  in  the  dorsal  region.      The  main 
results  of  these  experiments  are  aa  follows: 


Fm.  107. 
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Pastul  tiumoMv  ujr  Smnal  Coro  or  Rabbit,  ik  Lowxb  Dorsai,  RneioH.— A,  B.  C.  Wttkait 
Psraljrill.  D,  E,  F.  With  Paralysis.  A.  SecUon  of  Poaterior  Column*.  B.  Section  of  AnUflnr 
and  Posterior  Columns  aiid  Grar  t^utMiauce.  C.  Section  of  Anterior  ti»lf  of  Cnn!  Aft»f  «!! ' 
these  sectionB  the  animal  usee  hie  hlu>l  U-ks  fr««l<r  in  locomotion.  I>.  Sot-rion  ■ 
except  loft  lateral  column ;  paraljmiH  nf  rielit  lilud  Ir^',  pretwrraiiou  nf  mxiifni  ' 

of  both  lalpral  coluiuii»  ;  paralyiiUof  lioth  hind  legs.  F.  SvcUoii  uf  poaterUir  liiilJ  

of  lioth  bind  legi.    (WorowhtlolT) 

Voluntary  motion  in  the  posterior  litubn  remains  unimpaired  aftCT 
Ist,  Sectionof  both  posterior  coliiiuns  (Fi^'-.  107,  A) ;  2d,  Section  of  both 
anterior  and  posterior  columns  and  the  gray  substance  (B);  and  3d, 
Section  of  the  anterior  half  of  the  cord  on  both  nidcH  (C).  That  \f, 
every  part  of  th*-  cord,  exci-pting  the  posterior  half  of  the  lateral  col- 
umns, may  be  divided  in  the  dor.sal  region  without  causing  paralysis 
nf  the  hind  limbs.  On  the  other  hand  thi.'^  paralysis  is  prodm'ed  by 
section  of  both  lateral  halves  of  the  cord  ouLnidc  the  gray  siiV>stAnce 
(E),  and  by  section  of  the  posterior  hnlf  of  the  cord  on  both  side.**  (Fi; 
and  lastly,  division  of  the  whole  cord  excepting  one  lateral  column  (P), 
leaves  the  hind  limb  on  that  side  capable  of  movement  while  the 
opposite  limb  is  paralyzed.  The  transmission  of  voluntar>'  impult^eii 
in  the  spinal  iH)rd  takes  place  therefore  through  the  pyramidal  tracts, 


*  Archir  fQr  pathologimhe  Anntomie  nnd  Phyoiologie.  Berlin,  1S76.  Band 
Ixvii.,  p.  M2. 

t  Arbeiten  ausderphyeiologtRclicTt  Anstalt  zit  Leipmig.  Jahrgitng,  1874.  L«tpii^ 
1876,  p.  99. 
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occupyiug  above  the  dorsal  region  the  larger  pan  of  the  lateral  columns, 
and  in  the  remainder  of  tiie  cord  their  posterior  half. 

Similar  experiments  have  been  ptrfonued  by  Ott*  on  tho  5;pinul  cord 
of  the  rabbit  in  the  tervital  region,  with  results  Ciitifc'utially  like  those 
above  detailed,  excepting  that  the  effects  of  paralysis  were  exhibited 
in  the  anterior  limbs  as  well  as*  the  posterior,  and  that  there  was 
evidence  of  a  certain  amount  of  decussation  of  the  motor  tractt<  in  the 
cervical  portion  of  the  curd. 

Descending  degenerations  of  the  p^nramidal  tract,  according  to  Charcot, 
<io  noi  usually  extend  to  the  motor  nerves  or  nerve  roots.  Prom  this 
it  is  inferred  that  the  pyramidal  fibres  terminate  in  the  gray  substance 
of  the  anterior  horns,  while  the  nerve  roots  consist  of  new  fibres 
originating  from  the  gray  substance.  The  nerve  root  thrrefore  degen- 
erates only  when  divided  beyond  the  point  of  its  emergence  from  the 
anterior  horn. 


Crossed  Action  of  the  Spinal  Cord 

The  spinal  cord,  as  a  medium  of  communication  Viet  ween  the  brain 
and  the  peripheral  organs,  exerts  a  crossed  action.  Sensitive  imprea- 
Bions  received  by  the  integunu-nt  on  one  side  of  the  body  are  con- 
ducted through  the  cord  to  the  opposite  side  of  the  brain  ;  and  motor 
impulses  originating  on  one  side  of  the  brain  jiass  to  the  nerves  and 
muBcles  on  the  opjiosite  side  of  the  body.  This  is  established  both  by 
experiment  on  animals  and  by  pathological  ohtiervation  in  man;  since 
lesions  on  the  right  side  of  the  hrmn  cnuse  paralysis,  both  of  sensation 
and  motion,  on  the  left  side  of  the  body,  and  tnce  x^ersd.  These  two 
functions  may  be  paralyzed  either  together  or  separately,  according  to 
the  locality  and  extent  of  the  injury  lo  the  brain  •,  but  when  the  pnraly- 
aifl  is  distinctly  confined  to  one  side  of  the  body,  the  aherntion  of  ner- 
vous tissue  upon  which  it  de(>ends  is  found  after  death  on  the  opposite 
eide  of  the  brain. 

Decuetsation  of  the  Motor  Tracts. — It  may  he  said,  in  general  terms, 
that  the  transmission  of  voluntary  motor  impulses,  in  the  spinal  cord, 
takes  place  continuously  upon  the  same  side.  That  is,  if  a  transverse 
section  of  one  lateral  half  of  the  cord  be  made  at  any  point  in  the 
lumbar,  dorsal,  or  cervical  region,  a  paralysis  of  voluntary  motion  is 
produced  on  the  same  side  for  all  parts  below  the  level  of  the  injury. 
This  observation,  first  made  by  (ialen,"}"  has  been  confirmed  by  all  sub- 
sequent experimenters.  Each  side  of  the  body  therefore  derives  its 
power  of  voluntary  motion  from  the  pyramidal  tract  in  the  corre- 
'«ponding  half  of  the  spinal  cord.  But  at  the  decussation  of  the 
pyramids,  in  the  medulla  oblongata,  these  tracts  cross  to  the  opposite 
side,  afterward  continuing  their  course,  through  the  ti/ber  annulare  and 
crura  cerebri,  to  the  braiu.     A  lesion  of  the  motor  tract  accordingly 


*AinerM9iB  JiMimal  of  tlie  Medical  8cience<i.    Phtlndelphitt,  October,  1879. 
■\  0e  Ludi  Affectis.    Liber  III.,  Cap.  ziv. 
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varies  in  effect  nccordingr  to  its  situation.  If  ooatcd  in  the  spinal 
cord,  it  produces  pnralysis  on  the  same  side  of  the  body ;  if  abovt*  the 
decussation  of  the  p^Tanuds,  in  the  medulla,  tuber  annulare,  it  ,  - 

bri,  or  cerebral  hemisphere,  it  produces  paralyeis  on  the  oppoM 
and,  finally,  a  lesion  involving*  the  decussation  of  the  pyranjiil-    . »    ■* 
paralysis  on  both  sides  of  the  body  at  once. 

These  are  the  general  results  of  both  experiment  and  ob«*errBtion,^ 
and  thcr  express  the  most  habituul  and  important  conditions  of  uni- 
lateral and  bilateral  paralysis.     But  there  are  certain  variations  from 
the  type  of  simple  and  complete  decuaeatiou  which  have  some  infiuenc 
on  the  phenomena. 

First,  the  study  of  descending  doi^eneratlons  of  the  pyramidal  Irar 
shows  that,  beside  the  principal  mass  of  fibres  in  this  tract  which  crot. 
to  the  opposite  side  of  the  cord  at  the  decussation  of  the  pyramid 
there  are  a  certain  number  which  continue  downward  on   the  samt 
side,  forming  in  the  cervical  region  the  "columns  of  Tiirck  "  (Fijj.] 
106).     These  direct  fibres  are  in  small  proportion,  represent  in  sr,  on  the 
average,  considerably  less  than  ten  per  cent,  of  the  whole  pyramidal] 
tract,  and  in  man  they  do  not  extend,  as  a  rule,  below  the  ocrvicall 
fog-ion.     What  bccoraf*s  of  them  here  is  unknown;  but  it  is  evident] 
that  their  destination   may  be  twofold.     They  may  terminate  in  tha| 
anterior  horns  of  gray  substance ;  in  which  ca.se  the  decussation  of  th< 
pyramidal  tracts  would  be  partial,  and  the  upper  limb  wouh!  receive 
some  motor  power  from  the  same  side  of  the  brain.    Or  they  niaj 
finally  cross,  through  the  white  commissure,  to  the  opposite  side  ol 
the  cord ;  in  which  case  the  decussation  would  be  complete,  a  part  ol 
it  taking  place  below  the  pyramids,  in  the  cervical  region.    This  would 
explain  the  results  obtained  by  various  ex|>erimentprs  (Van  KempenJ 
Brown-S^quard,  Yulpinn),  who  have  found  that  in  animals  a  division 
of  one  lateral  half  of  the  spinul  cord  in  its  upper  portion  is  followed  by 
a  certain  degree  of  paralysis  on  the  opposite  side.    AD,  however,  ar»j 
agreed,  that  this  effect  is  not  produced  by  a  similar  section  in  the  lum- 
bar region,  but  slightly  or  not  at  all  in  the  dorsal  portion,  and  is  onlj 
pronounced  after  a  section  in  the  cervical  region. 

Secondhf,  The  proportion  between  the  direct  and  crossed  fibres  of  tb« 
pyramidal  tract,  in   man,  may  vary  in  exceptional  cases,  so  that  ihi 
majority  of  these  fibres  may  be  direct,  and  only  the  minority  decussat«wj 
Under  these  conditions,  a  lesion  in  the  brain,  contrary  to  the  goners 
rule,  would  cause  paralysis  on  the  same  side  of  the  body.     According 
to  Charcot*  such  instances  exist,  although  their  occurrence  is  extremelyj 
infrequent.    Similar  exceptional  variations"  have  been  recorded  in  regard 
to  other  decussating  tracts  in  the  nervous  system. 

Decussation  of  the  Sensitive  Tracts. — Sensitive  impressions,  passing 
from  the  integument  to  the  nervous  centres,  undergo,  like  the  motor 


'*'  LefoDB  6ur  lefl  Localiaationa  diinfl  les  Maladies  du  Cervean  «t  de  la  Moelle  ^pi-. 
nifire.     Deuiifeiue  Partie,     Parifl,  1880,  p.  195. 
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impulses,  a  bilaterftl  docu?.«fttion ;  since  lesions  of  the  brain  above  the 
medulla  oblonjcrata  cnuso  diminution  or  loss  of  sensibility  on  the  oppo- 
site &itle  of  the  body. 

But  while  the  tracts  for  voluntarr  motion  have  a  continuous  unilat- 
eral fourHc  in  the  spinal  cord,  and  dccusRate  only  or  principally  at  tho 
medulla  oblongata,  those  for  sent^ation  erosB  the  median  line  at  succes- 
sive points  throughout  the  knpth  of  the  cord.  This  is  shown  by  the 
fact  that  a  transverse  section  of  one  lateral  half  of  the  cord,  which 
paralyzes  motion  on  the  same  side,  causes  loss  of  sensibility  on  the 
opposite  side;  while  the  power  of  sensation  remains  on  tho  side  of  tho 
injury.  If  a  section  of  one  lateral  half  of  the  spinal  cord  be  made  at 
the  lower  end  of  tho  dorsal  region  on  the  ritrht  side,  the  right  hind  leg 
is  paralyzed  of  motion  but  retains  its  sensibility ;  the  left  hind  leg,  nt 
the  same  time,  retains  its  power  of  motion  but  loses  its  sensibility. 
Furthermore,  sensibility  is  not  only  retained  on  the  side  of  the  sec- 
tion in  these  cases,  but  is  perceptibly  exaggerated ;  so  that  an  impres- 
sion upon  the  skin  is  perceived  on  that  side  Inoro  acutely  than  before 
the  section. 

These  results,  wliit-h  were  partially  obtained  by  several  of  the  older 
experimenters,  were  first  distinctly  brought  out  by  Brown-Si?quard. 
According  to  his  experiments,  the  phenomena  are  so  conjpleto  as  to 
imply  an  entire  crossing  of  the  sensitive  tracts  in  the  spinal  cord. 
Other  observers  have  found  tho  appearances  less  decisive;  Vulpian, 
ftmong  others,  maintaining  that  loss  of  sensibility  on  the  opposite  side, 
after  section  of  a  lateral  half  of  the  cord,  is  only  partinl,  and  that  sen- 
sitive impressions  conve3'ed  through  tho  gray  matter  may  continue  to 
even  after  one  lateral  half  of  the  cord  has  been  divided  in  the  dor- 
and  the  other  in  tho  cervical  region,  by  two  sections  at  o  consider- 
able distance  from  each  other. 

It  is  certain,  however,  that  after  section  of  one  lateral  half  of  the 
cord  the  phenomena  which  indicate  a  crossing  of  the  sensitive  tracts 
are  distinctly  marked.  We  have  found  that  after  such  a  section,  in  tho 
dog,  in  the  dorso-lumbar  region,  the  difterence  in  sensation  and  motion 
between  the  two  sides  is  very  striking.  Sensibility  is  either  lost  or 
very  much  diminished  on  the  opposite  side,  while  on  the  side  of  the 
section,  there  is  complete  muscular  paralysis  and  increased  sensibility. 

What  causes  the  increase  of  sensibility,  after  section  of  one  lateral 
half  of  tho  spinal  cord?  It  is  probably  due  to  local  irritation  of  the 
gray  substance  at  the  point  of  section,  producing  in  this  way  an  appa- 
rent exaggeration  of  sensitive  impressions  on  that  side.  For  this  pur- 
pose it  is  not  necessary  to  make  a  complete  section  of  the  lateral  parts 
of  the  cord :  since  Brown-S<?quttrd  has  found  that  division  of  the  pos- 
terior columns  alone  will  cause  increase  of  sensibility,  more  or  less 
pronounced  in  different  cases;  and  according  to  Vulpian,  the  same 
effect  may  be  produced  by  -iimply  pricking  with  a  pointed  instrument 
the  posterior  or  lateral  parts  of  the  cord  on  one  side. 

The  crossing  of  the  sensitive  tracts,  according  to  Brown-S(^quard,  is 
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especially  demonstrated  by  the  effects  of  a  longitudinal  section  in  Ibo 
median  line.     Such  a  section  in  the  lumbar  region  of  the  cord, 
rating  at  that  point  its  two  lateral  halves;  from  e^ich  other,  is  followe 
by  complete  loss  of  scusibility  in  both  hind  legs.     This  rei<ult  alor 
would  not  be  decisive,  since  the   suspension  of  sensibility  might 
due  to  the  shock  of  the  operation ;  but  it  is  of  much  value  in  conuf 
tion  with  the  fact  that,  although  sensibility  is  lost,  the  power  of  voU 
tary  motion  is  retained  in  both  posterior  lirabs. 

Finally,  instances  in  num.  whore  a  lesion  of  the  spinal  cord  is  aocoi 
panicd  by  loss  of  voluntary  motion  on  the  same  side  and  loss  of  sens] 
bility  on  the  opposite  side,  confirm  the  results  derived  from  experiment 
on  animals.  The  decussation  of  both  motor  and  sensitive  tracts 
completed  in  die  u|»|Kr  part  of  the  medulla  oblongata;  but  below  thi 
point  the  curd  acts  as  a  conductor  for  motor  impulses  going  to  ttii 
muscles  on  the  same  side,  and  for  sensitive  impressions  coming  tfot 
the  integument  of  the  opposite  side. 

Various  fornu  of  Parah/sis,  from  lesions  of  the  Cerebro-^pinn 
AjTia. — In  consequence  of  disease  or  injury  in  the  cerebro-spinul  axiaj 
a  variety  of  symptoms  may  be  produced  aifecting  sensation  and  motion 
The  principal  fonns  of  paralysis  from  this  cause  are,  first,  "  paraplegia.'^ 
or  paralysis  i>f  the  lower  portion  of  the  body  and  lower  limbs;  ani 
secondly,  "hemiplegia,"  or  paralysis  of  one  lateral  half  of  the  body» 
and  of  one  or  both  limbs  on  the  corresponding  side. 

I.  In  Paraph'tjia,  the  injury  aft'ects  the  whole  sulidtauce  of  ihc  spini 
cord  at  a  parlicuhtr  level,  and  the  result  is  loss  of  sensation  and  volui 
tiiry  motion  on  both  sides,  for  ull  parts  below  the  level  of  the  ii^urrj 
If  the  lesion  occupy  the  luni)>ar  porlioii  of  the  cord,  the  legs  and  il 
pelvic  regions  are  paralyzed  and  insensible,  while  the  arms  and  i\ 
rest  of  the  trunk  are  unaffected.  If  it  l>e  in  the  dorsal  region, 
currespondinjr  part  of  the  alxlomen  and  thorax  is  also  deprived  of 
sense  and  movement ;  and  if  situated  in  the  middle  cervical  region, 
produces  paralysis  and  insensibility  of  both  upper  and  lower  limbs, 
well  as  of  the  che.st  and  intercostal  muscles.  A  paralysis  of  this  kinc 
involvimi:  the  arms  and  the  intercostal  muscles,  is  more  dangi^rous  ths 
that  of  the  legs  alone ;  because  a  slight  extension  of  the  lesion  wil 
reach  the  origin  of  the  phrenic  nerves,  and  produce  death  by  stoppag 
of  respiration. 

In  complete  paraplegia,  sensation  and  motion  are  both  abolished  ii 
the  affected  parts ;  and  injury  or  disease  in  the  spinal  cord,  when  suf 
cient  to  destroy  one  of  these  functions,  almost  necessarily  reaches  th€ 
parts  which  preside  over  the  other.  But  in  slight  or  incomplete  cases*; 
either  sen.sibility  t»r  movenu-nt  may  be  more  or  less  aflFected,  accoi 
ing  to  the  intensity  of  the  lesion  in  different  parts  of  the  cord. 

II.  In  Eemiptefjia  of  the  simplest  form,  there  is  loss  of  sensation  and 
voluntary  motion  in  one  upper  and  lower  limb,  and  in  the  integument 
and  muscles  of  the  trunk  cu  the  corresponding  side.    It  is,  therefore, 
complete  paralysis  of  one  lateral  half  of  the  body ;  the  uSectiun  beiaj 
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Umited  by  the  median  line,  both  in  front  and  rear.  In  such  cases  the 
lesion  is  on  the  opposite  side,  above  the  decussation  of  the  anterior 
pyramids;  namely,  in  the  upper  part  of  the  medulla  oblonirata,  the 
crura  cerebri,  the  cerebral  ganglia,  or  the  hemispheres.  It  is  most 
frequently  seated  in  the  cerebral  ganglia  or  the  hemispheres. 

In  hemiplegia  from  this  cause,  the  loss  of  sensibility  and  the  loss 
of  motion  occupy  the  same  half  of  the  body,  though  they  are  not  always 
equally  well  marked.  When  the  lesion,  on  the  other  hand,  is  in  one 
lateral  half  of  the  spinal  cord,  there  is  loss  of  motion  on  the  corre- 
sponding side  of  the  body,  and  loss  of  sensibility  on  the  opposite  side, 
A  number  of  such  cases  have  been  collected  by  IJrown-Sequard,  in 
which  the  situation  of  the  injury  was  ascertained  by  post-mortem 
examination. 

Furthermore,  a  distinction  is  made  between  affections  involving  loss 
motion  and  those  accompanied  by  loss  of  sensation.  The  term 
paralysis  indicates  more  especially  an  impairment  or  abolition  of  the 
power  of  voluntary  movement ;  while  diminution  or  loss  of  sensibility 
is  called  an4t;ftke»ia.  Either  of  these  affections  may  be  complete  or  par- 
tial ;  couGned  to  particular  regions,  or  extending  over  a  considerable 
part  of  the  body.  They  may  be  present  together,  as  in  paraplegia ;  or 
either  may  exist  independently,  a.s  local  paralysis  or  local  ansesthcsia. 
A  lose  of  sensibility  occupying  one  lateral  half  of  the  body  is  known  as 
hemianaeMhesia :  and  as  shown  above,  it  may  be  associated  with  hemi- 
plegia in  the  same  region,  or  the  two  may  coexist  on  opposite  sides. 

The  Spinal  Cord  as  a  Nervous  Centre. 

So  far  as  the  spinal  cord  is  concerned  in  sensation  and  voluntary 
motion,  it  acts  as  a  medium  of  conimunicatinn  Iwtween  the  brain  and 
the  external  parts.  Its  complete  division  at  any  point  destroys  this 
communication  ;  so  that  the  commands  of  the  will  are  no  longer  trans- 
mitted to  the  muscles,  and  impressions  made  upon  the  integument  pro- 
duce no  conscious  sensation.  But  after  *ucb  an  operation  motion  is  not 
altogether  abolished  in  the  liniJjs ;  and  sensitive  impressions,  though 
no  longer  perceived  by  the  individual,  ore  still  capable  of  exciting 
muscular  reaction.  These  phenomena,  which  take  place  without  the 
intervention  of  the  brain,  result  from  the  action  of  the  cord  as  a  ner- 
vous centre,  and  are  due  to  the  independent  properties  of  its  gray 
substance. 

Reflex  Action  of  the  Spinal  Cord. — If  a  decapitated  frog  be  allowed 
to  remain  at  rest  for  a  few  moments,  until  the  effects  of  nervous  shock 
have  pa.«sed  off,  movement  can  be  excited  in  the  limbs  by  applications 
made  to  the  integument.  If  the  skin  of  one  of  the  feet  be  pinched  with 
forceps,  or  immersed  in  a  weak  acidulated  solution,  the  leg  is  immedi- 
ately drawn  up  toward  the  body,  as  if  to  escape  the  source  of  irrita- 
tion. If  the  stimulus  be  of  slight  intensity,  the  corresponding  leg  only 
will  move;  but  if  it  be  more  severe,  motion  will  often  be  produced  in 

the  opposite  limb,  or  even  in  all  the  limbs  at  once.     These  phenomena 
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may  be  repeated  a  ^rcat  number  of  times,  until  the  irritability  of  the 
nervous  system  is  exhausted,  or  until  some  structural  change  has  taken 
place  in  the  tissues. 

In  the  movements  thus  produced  after  decapitation  there  are  twoj 
important  peculiarities : 

First,  they  are  aever  spontaneous ;  but  are  excited  only  by  the  appli- 1 
cation  of  an  external  stimuhis.     The  decapitated  frog",  if  left  to  it*elf, 
remains  motionless,  iu  a  nearly  natural  attitndo,  without  any  tendency 
to  alter  its  position.     Each  application  of  (Stimulus  causes  a  movement, 
after  which  the  Hmba  resume  their  condition  of  quiescence,  until  a  repo-j 
tition  of  the  stimulus  calls  out  a  new  movement. 

Secondly,  the  action  is  not  produced  by  direct  excitement  of  the  mus- 
cles. The  stimulus  is  applied  to  the  integument  of  tbe  foot,  and  the 
muscles  of  the  leg  and  thigh  contract  in  consequence.  This  shows  i 
that  both  sensitive  and  motor  nerves  take  part  in  the  process.  Tbej 
sensitive  fibres  of  the  integument  receive  the  impression  and  convey  it 
inward ;  after  which  the  motor  fibres  transmit  an  outward  stimulus  to 
muscles  in  a  different  part.  Even  other  limbs,  as  already  inentioDe<l, 
mav  be  set  in  motion  by  an  irritation  applied  to  the  integument  of  one. 

Furthermore,  the  nervous  action  is  not  transmitted,  in  these  casa, 
directly  from  the  integument  to  the  muscles;  it  passes  through  thej 
spinal  cord,  which  thus  forms  a  link  in  the  chain  of  communication. 
For  if  the  posterior  limb  be  left  uninjured,  while  its  connection  with] 
the  cord  is  severed  by  dividing  the  sciatic  nerve  in  the  atnlomen,  no] 
further  action  can  be  excited,  and  the  limb  remains  motionless  whatever] 
irritation  be  applied  to  the  integument. 

Lastly,  if  the  spinal  cord  be  destroyed  by  a  stilet  introduced  into] 
the  spinal  canal,  this  also  puts  an  end  to  the  phenomena,  and  irritation 
of  the  integument  will  no  longer  produce  muscular  reaction  in  the  limb.  > 
The  muscles  can  then  be  excited  only  by  a  stimulus  applied  to  them» 
selves,  or  to  their  motor  nerves. 

These  facts  show  that  tiie  phenomena  in  question  are  due  to  a  reflet] 
action,  in  which  three  different  nervous  elements  take  part ;  namely, 
first,  the  sensitive  nerve  fibres,  conveying  an  impression  io^vard  from 
the  integument;  secondly,  motor  nerve  fibres,  transmitting  a  stimulus 
outward  to  the  muscles;  and,  thirdly,  a  nervous  centre  between  the' 
two,  in  which  the  reflex  action  is  accomplished.  The  nervous  centra, 
in  this  instance,  is  the  gray  substance  of  the  spinal  cord. 

It  is  evident,  accordingly,  that  consciousness  is  not  necessary  for  the 
reception  of  sensitive  impressions  by  a  nervous  centre ;  and  also  that 
motor  impulses  may  originate;  in  a  nervous  centre  without  volition. 
The  reflex  action  of  the  spinal  cord  is  both  unconscious  and  involun- 
tary ;  and  yet  it  is  completely  efficient,  and  produces  muscular  action 
at  once  on  the  application  of  a  stimulus  to  the  skin. 

Diminution  or  Increase  of  Be  flex  Action  in  the  Cord. — The  reflex 
action  of  the  spinal  cord,  like  other  forms  of  nervous  activity,  may 
suffer  temporary  depression  or  suspension  by  shock  or  iiyury  to  the 
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^^fSiuiu  at  large.  Decapitation  in  the  frog  is  often  followed,  for  a  few 
IBoments,  by  an  interval  of  nervous  paralysis,  in  which  no  phenomena 
of  reaction  can  be  obtained.  Even  injuries  in  which  the  nervous  cen- 
tres are  not  directly  interested,  such  as  opening-  the  abdomen  and 
removing  the  abdominal  organs,  may  produce  a  similar  effect  In  some 
instances  this  period  of  depression  is  very  short,  so  as  to  be  almost 
imperceptible ;  in  others  it  lasts  for  several  minutes.  After  it  has 
passed  off,  the  reflex  irritability  of  the  cord  returns,  and,  if  the  cord 
it^self  have  been  wounded  or  divided,  may  even  be  perceptibly  increased 
in  intensity. 

It  is  for  this  reason  that  reflex  action  often  seems  more  vigorous  and 
prompt  in  the  frog  after  removal  of  the  head,  or  after  transverse  division 
of  the  cord  at  its  upper  part.  The  wound  induces  an  increased  excita- 
bility, in  consequence  of  which  sensitive  impressions  produce  a  more 
energetic  reaction.  This  is  shown  by  the  observations  ol  Tiirck,  Ber- 
nard, and  Vulpian,  in  w^hich,  after  section  of  one  lateral  half  of  the  cord, 
the  hind  log  on  that  side  is  withdrawn  more  rapidly  from  an  acidulated 
solution  than  the  other;  and  in  which  reflex  action,  in  decapitated 
animals,  l^ecomes  more  marked,  in  consequence  of  successive  transverse 
sections,  in  the  cervical  and  dorsal  regions. 

The  reflex  action  of  the  cord  may  be  increased  by  poisonous  8u1> 
stances.  Strychnine  is  the  most  efficient  in  this  respt^ct,  and  produces 
an  exalted  irritability  of  the  spinal  cord,  in  consequence  of  which  a 
slight  irritation  of  the  skin  is  followed  by  excessive  muscular  reac- 
tion. In  a  decapitated  frog,  under  ordinary  conditions,  the  reflex  action 
of  the  cord  is  distinct  but  moderate  in  degree.  Slight  irritations  have 
but  little  effect,  and  the  pinching  of  one  hind  foot  u.sually  causes  retrac- 
tion of  that  limb  only.  But  if  a  solution  of  strychnine  be  injected 
beneath  the  skin,  at  the  end  of  ton  or  fifteen  minutes,  when  absorption 
has  taken  place,  the  reflex  irritability  of  the  cord  is  exaggerated  in  a 
marked  degree.  The  animal  still  remains  motionless  if  undisturbed ; 
but  the  least  irritation  applied  to  the  skiu,  such  as  the  contact  of  a  hair 
or  a  feather,  or  the  jar  produced  by  a  blow  upon  the  table  near  by, 
will  often  Cause  violent  convulsions,  in  which  all  the  limbs  take  part. 
As  these  effects  are  produced  in  the  decapitated  animal,  they  are  inde- 
pendent of  the  action  of  the  brain.  Strychnine,  accordingly,  acts  upon 
the  Hpinal  cord  by  increasing  its  excitability,  thus  causing  convulsive 
movement  from  slight  external  irritation. 

Similu*  results  may  follow,  as  a  secondary  consequence,  from  wounds 
or  injuries  either  of  tho  spinal  cord  or  of  peripheral  nerA'es.  Brown- 
S^uard*  has  shown  that  in  guinea-pigs  a  section  of  one  lateral  half 
of  the  cord  sometimes  produces,  after  a  few  weeks,  snch  a  condition 
of  the  nervous  centres  that  epileptiform  convulsions,  of  very  intense 
character,  may  be  excited  by  pinching  the  skin  of  the  face  and  neck,  on 
the  corresponding  side.     The  phenomena  of  tetanus  in  man,  following 


*  Reaearche«  on  EpUopRj.    BoBton,  1857. 
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wounds  of  peripheral  nerves,  are  also  reflex.  The  tetanic  b] 
usually,  if  not  always,  excited  by  an  external  cause ;  and  this  chum 
may  be  so  slio^ht  that  in  the  healthy  condition  it  would  have  no  jkt- 
ceptible  eflfect.  The  accidental  niovenient  of  the  bedclothes,  the  sbut-j 
tinjer  of  a  door,  the  passing  of  a  carriage  in  the  street,  or  even  a  carreutj 
of  air  Upon  the  skin,  iiiay  be  nufficient  to  throw  the  muHCular  Hypteitti 
into  spnsnuidic  actiim.  The  irritability  of  the  spinal  cord  as  a  nervousj 
centre  is.  therefore,  liable  to  be  increased  or  diminished  by  causes  actinif  | 
upon  it  from  without. 

ReHex  Action  of  the  Cord  in  Warm-blooded  Animah  and  in  MaiL> 
In  the  frog  and  other  cold-blooded  animals,  the  reflex  action  of  tho^ 
spinal  cord  lasts  for  a  considerable  time  after  death;  often  continuingr, 
if  the  animal  be  kept  in  repose  and  sufficiently  cool  and  moist,  forj 
twenty-four  hours  or  longer.     In  the  warm-blooded  animals,  it  dipap>j 
pears  more  ra]>idly  ;  and  it  must  be  sought  for,  if  at  all,  within  a  short' 
time  after  death,  since  a  nearly  constant  supply  of  blood  is  essential 
in  these  aniniaLs  to  the  irritability  of  the  nervous  system.     But  if  the 
circulation  be  maintained  by.  mcaoR  of  artificial  respiration,  the  reflex 
action  of  the  cord  will  continue,  independently  of  the  brain  ;  and 
although  sensation  and  volition  are  absent,  movements  of  the  leg  may 
bt>  produced  by  pinching  the  skin  of  the  foot. 

Robin*   has  observed  the  reflex  action  of  the  spinal  cord,  after  de-J 
capitation,  in  man,  in  the  case  of  an  executed  criminal  whose  bodyl 
was  subjected  to  examiujitfon.     The  muscular  contractions  were  pro- 
duced about  one  hour  after  execution.     "  While  the  right  ann  waaj 
lying  extended  by  the  side,  with  the  hand  about  25  ceutimetrea 
tant  freun  the  upper  part  of  the  thigh,  I  scratched  with  the  point  of  al 
scalpel  the  skin  of  the  chest  at  the  areola  of  the  nipple,  for  a  spaosj 
of  10  or  11  centimetres  in  extent,  without  making  any  pressure  oi 
the  subjacent  muscles.     We  tininediately  saw  a  rapid  and  successiv* 
contraction   of  the   great   pectoral   mu«icle,  th«    biceps,  probably  th< 
brachialis  auticus,  and  lastly  the  muscles  covering  the  internal  cot 
dyle. 

"  The  result  was  a  movement  by  which  the  whole  arm  was  made 
approach  the  trunk,  with  rotation  inward  and  half-flexion  of  the  for 
arm  upon  the  arm;  a  true  defensive  movement,  which  brought  the  han^ 
toward  the  chest  as  fmr  ns  the  pit  of  the  stomach.     Neither  the  thumb,] 
which  was  partially  bent  toward  the  palm  of  the  hand,  nor  the  Gngers^i 
which  were  half  bent  over  the  thumb,  presented  any  movements. 

"  The  arm  l)eing  replaced  in  its  former  position,  we  saw  it  agaiaf 
execute  a  similar  movement  on  scratching  the  skin,  in  the  same  nmnnei 
as  before,  a  little  below^  the  clavicle.     This  experiment  succeeded  foui 
times,  but  each  time  the  movement  was  less  extensive;  and  at  last' 
scratching  the  skin  over  the  chest  produced  only  contractions  in  the 
great  pectoral  muscle  which  hardly  stirred  the  limb." 


•  Journal  de  rAtialoiuie  et  de  la  Physiologic.    Paris,  18<39,  p.  90. 
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The  neck  had  been  severed,  in  the  above  case,  near  the  level  of  the 
fourth  cervical  vertebra. 

Reflex  action  may  also  be  seen,  in  man,  in  certain  cases  of  disease 
of  I  he  spinal  cord.  If  the  upper  portion  of  the  cord  l»e  diBinto^rated 
by  inflammatory  jsofteninir,  so  that  its  middle  and  lower  portions  lose 
their  connection  with  the  brain,  paralysiis  and  insensibility  ensue  in 
all  part^  below  the  seat  of  the  lesion.  Under  these  conditions,  the 
patient  ie  incapable  of  voluntary  motion  in  the  paralyzed  parts,  and 
is  unconscious  of  any  injury  to  the  intejruraent  in  the  same  region. 
But  if  the  soles  of  the  feet  \ie  gently  irritated  with  a  feather  or  with 
the  point  of  a  needle,  a  convulsive  twitching  of  the  toes  will  often 
take  place,  or  even  rctrai'tile  movements  of  the  leg  and  thigh;  and 
such  movements  may  frequently  l>e  e.xcited  by  the  sudden  contact  of 
cool  air  with  the  lower  limbf?.  We  have  repeatedly  witnessed  these 
phenomena,  in  disease  of  the  spinal  cord,  where  the  paralysis  and 
insensibility  of  the  lower  limbs  were  complete.  Many  similar  instances 
have  been  reported  by  various  authors. 

Physiological  Action  of  Ihe  Spinal  Cord  asta  Ner^'nug  Centre. — The 
reflex  action  of  the  jspinal  cord,  as  it  takes  place  in  the  healthy  condi- 
tion, is  not  easily  brought  under  observation.  In  animals,  unless  the 
head  bo  removed  or  the  spinal  cord  separated  from  the  brain,  reflcJi  and 
voluntary  movements  are  lial)le  to  be  confounded ;  and  in  man  during 
health,  the  phenomena  of  sensation  and  volition  are  so  prominent  as 
to  obt«*uro  those  which  are  indejx'ndent  of  the  will.  Nevertheless,  the 
latter  are  exceedingly  important,  and  many  of  them  in  almost  constant 
operation. 

The  general  character  of  reflex  actions  of  the  spuial  cord  is  that 
they  tend  unconsciously  to  the  defence  or  preservation  of  the  body. 
This  is  seen  in  the  simplest  experiments  on  animals.  If  a  decapitated 
frog  be  suspended  in  the  air,  the  posterior  limbs  hang  downward 
in  a  perfectly  relaxed  condition.  On  pinching  one  of  the  feet,  or 
Immersing  it  in  acidulated  water,  the  limb  is  retract<?d  by  its  flexor 
muscles,  the  result  being  a  withdrawal  of  the  foot.  The  muscles 
then  relax,  and  the  limb  lengthens  until  the  foot  touches  the  irritating 
liquid,  when  it  is  again  drawn  up;  and  so  on,  until  the  irritability  of 
the  cord  is  so  far  dimiuishid  that  it  no  longer  reacts.  In  this  case, 
therefore,  the  only  muscles  thrown  into  activity  are  the  flexors,  which 
tend  to  withdraw  the  foot  from  the  source  of  irritation.  When  an 
irritation  is  applied  to  the  side  of  the  trunk,  it  is  common  to  see  a 
hind  foot  brought  to  the  irritat^'d  spot,  as  if  to  protect  it ;  and  in  some 
instances  the  adaptatiun  of  reflex  movements  to  accomplish  a  definite 
result  is  very  marketl.  This  cannot  be  attributed  to  any  faculty  of 
perception  in  the  iipinul  cord ;  since  we  know,  fron>  pathological  cases 
in  man,  that  when  the  cord  is  separated  from  the  brain  by  disease  or 
injury,  the  part.s  below  are  absolutely  deprived  of  sensil)ility  and  voli- 
tion. The  movement  produced  therefore  depends  simply  on  the  .^itruct- 
ure  of  the  limbs  and  the  nervous  mechanism  of  the  spinal  cord.     In 


406 


THE    NEKVOU8    SYSTEM. 


the  case  of  reflex  action  obgervod  by  Kobin  in  a  decapitated  criminAi, 
the  effect  of  irritating  the  skin  over  the  chest  was  a  flexion  and  inwu^ 
rotation  of  the  arm  and  forearm;  and  this  necessarily  brought  the 
huud  near  the  point  irritated.  It  is  evident  that  the  connection  of 
sensitive  fibres  with  motor  fibres,  through  the  gray  substance  of  the 
cord,  may  be  such  as  to  call  into  action  particular  muscles,  without 
the  intervention  of  conscioasness  or  voluntary  impulse.  This  is  the 
character  of  the  reflex  action  of  the  spinal  cord. 

As  a  general  rule,  movements  of  flexion  are  adapted  to  protect  the 
part  from  external  injury,  and  are  excited  by  moderate  causes ;  those 
of  extension  are  calculated  to  repel  the  foreign  substance  or  to  escape 
from  it  by  moving  the  whole  body,  and  are  called  out  by  anaenal  or 
excessive  stimulus.  The  defensive  character  of  these  movements  is 
frequently  manifest,  in  a  state  of  health,  when  the  brain  takes  no  part 
in  their  production.  If  the  surface  of  the  skin  be  unexjKJCtcdly  brougbt 
in  contact  with  a  heated  body,  the  injured  part  is  often  withilrawn  bv 
ft  rapid  and  convulsive  movement,  before  we  feel  the  pain,  or  fairly 
understand  the  cause  of  the  involuntary  act.  Whenever  the  body 
accidentally  loses  its  balance,  the  limbs  are  thrown  into  a  flexed  posi- 
tion, calculated  to  protect  the  exposed  parts  and  to  break  the  fall,  by 
a  similar  involuntary  movement.  Notwithstanding,  therefore,  the  evi- 
dent utility  of  these  actions,  they  have  no  intentional  character,  and 
are  performed  without  distinct  consciousness  of  their  object. 

The  spinal  cord  has  also  an  imitortant  action  in  regard  to  attitude 
and  locomotion.  The  preservation  of  the  attitude  alone  requires  Uie 
harmonious  action  of  many  different  muscles,  all  of  which  contribute  to 
the  position  of  the  body.  This  is  especially  the  case  in  man,  where,  in 
the  standing  posture,  the  body  is  balanced  upon  its  narrow  supports, 
preserving  its  eqiiilihrium  without  attention  or  fatigue.  In  locomotion, 
the  flexors  and  extensors  of  the  limbs  are  associated  in  a  manner  fieco- 
liar  to  each  siieeies  of  animal;  and  in  man  the  balancing  of  the  body, 
in  progression,  requires  a  still  morfe  extensive  muscular  combination 
than  when  at  rest. 

The  spinal  cord  is  not  sufficient  by  itself  for  the  acts  of  standing 
and  locomotion  j  since  a  sudden  lesion  which  deeply  injures  the  brain 
or  medulla  oblongata,  or  the  spina!  cord  above  the  cervical  or  lumbar 
enlargements,  at  once  destroys  the  power  of  standing  upright,  or  of 
making  any  effective  movements  of  locomotion.  In  the  frog,  a  very 
natural  attitude  is  often  preserved  after  decapitation,  .since  the  body 
rests  by  most  of  its  under  surface  upon  the  ground  ;  and  this,  througii 
the  reflex  action  of  the  spinal  cord,  brings  the  limbs  underneath  it  in 
a  flexed  position.  If  such  a  frog  Ije  suspended  in  the  air,  the  limbs 
hang  down  relaxed,  but  resume  the  attitude  of  flexion  when  placed  in 
contact  with  a  hard  surface;  and,  according  to  Poincar<?,*  the  frog  can 
sometimes  be  mode  to  execute  a  series  of  leaps,  each  concussion,  as 


*  Lepona  sur  la  Physiologie  du  Syst^me  Nerrcux.     Pariii,  1873,  p.  72. 
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the  body  strikes  the  ground,  giving  a  fresh  stimulus  for  extension  of 
the  limbs.  But  in  these  animals,  the  muscular  aetious  required  for  the 
attitude  and  locomotion  are  very  simple.  In  wami-blooded  quadrupeds 
and  in  man,  on  the  other  hand,  they  are  more  complex,  and  volition  is 
essential  for  either  staudintr  or  progression.  Both  these  powers  are 
consequently  abolished  by  decapitation. 

But,  although  the  voluntary  impulse  is  necessary  for  the  acts  of  stand* 
ing  or  walking,  it  is  not  concerned  in  the  details  of  their  mechanism. 
Once  excited,  the  nervous  action  by  which  walking  is  accomplished 
may  be  kept  np  without  mental  effort  or  attention.  All  we  have  to 
do  is  to  commence  the  process  by  an  act  of  volition,  and  the  requisite 
ncrrous  machinery  is  set  in  motion.  If  we  decide  to  turn  a  corner,  all 
the  muscular  combinations  necessary  for  that  jmrpuse  are  effected  with- 
out the  intermediate  intervention  of  the  will.  This  secondary  action, 
by  which  motor  impulses  are  combined  in  the  movement  of  the  limbs 
and  trunk,  is  dependent  on  the  action  of  the  spinal  cord. 

The  precise  modi*  in  which  this  is  accomplished  is  not  positively 
known.  The  most  probable  explanation  is  that  it  is  due  to  a  constant 
reflex  activity  of  the  cord,  by  which  the  muscles  of  the  body  and  limbs 
are  maintained  in  the  proper  degree  of  tension  or  relaxation ;  and  that 
different  parts  of  the  cord  are  united  with  each  other  for  this  purjiose 
by  longitudinal  fibres  in  the  jxjsterior  columng. 

According  to  this  view,  the  fibres  in  question  run  a  comparatively 
short  course  in  the  posterior  columns,  each  one,  after  leaving  the  gray 
substance  at  one  point,  again  entering  it  a  few  centimetres  higher  up; 
but,  ae  they  follow  each  other  in  continuous  ^ries,  they  form  a  masB 
of  connecting  strands  throughout  the  cord.  It  is  certain  that  at  the 
borders  of  the  gray  substance  and  white  columns  of  the  cord  there 
are  fibres  pas.sing  obliquely  from  one  to  the  other;  and  this  is  esjie- 
cially  true  of  the  posterior  columns  and  posterior  horns.  It  ia  not  pos- 
sible, by  any  means  of  microscopic  investigation  now  in  use,  to  see  the 
origin  and  termination  of  these  fibres ;  but  their  existence  is  rendered 
probable  by  several  well-established  experimental  and  pathological  facta. 

I-  The  posterior  columns  of  the  cord,  as  shown  by  ex]X'riment,  are 
not  the  channels  for  either  sensibility  or  voluntary  motion.  But, 
according  to  Vulpian,*  although  a  section  of  these  columns  at  any  one 
point  produces  no  paralysis,  in  the  ordinary  sense,  if  they  be  divided 
by  several  transverse  sections,  two  or  three  centimetres  apart,  there 
is  a  remarkable  disturbance  in  the  power  of  locomotion,  like  that 
which  would  hv  due  to  a  want  of  muscular  harmony. 

II.  Destructive  lesions  situated  at  any  point  in  the  .spinal  ^ord  give 
rise  to  secondary  degenerations  like  those  already  described  (page  394), 
which  are  "  ascending"  or  "  descending"  in  various  ports  of  its  lon- 
gitudinal columns.     According  to  Chnrcot.f  such  secondary  degenera- 

*  Le^ooa  sar  la  Phyniologie  du  Bv-stteie  Nenreux.     Paris,  1666,  p.  381. 
t  Le^ne  Rur  let*  Ix)cnlu*ationB  dani  Ira  Malndics  du  Cerveau  et  de  in  Moolie 
Epini^re.     Dtuxiime  Partie.     Parifl,  1880,  p.  243. 
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tionfi  in  the  posterior  columns  are  always  ascending;  that  is,  they 
<?xtc*nd  from  tlio  primary  lesion  upward  toward  the  brain,  and  never 
in  a  downward  direction.  But  all  parts  of  the  pogterior  coIunmB  are 
not  affected  alike.  The  inner  portion  of  theso  columns  consists  of  a 
narrow  band,  n<^-\t  the  raedion  line,  which  throughout  the  cervical 
region  is  distinctly  dividtd  from  the  remainder  by  a  narrow  superficial 
furrow.  This  portion  is  known  as  the  funicuhn 
gracilis,  or  the  "  column  of  GoU."  At  the  meduJJa 
oblonfjata  it  divercrea  from  the  median  line,  occupy* 
insr  on  each  side  the  inner  border  of  the  rrstiform 
bodieifi,  and  forming  the  so-called  "jwsterior  pyra- 
mids." These  columns,  in  ascendin]?  def^eneratioa 
of  the  spinal  cord,  are  affected  throughout  their 
length,  aliovG  the  6tarting-j>oint  of  the  alteration, 
6     ^  often  fjuite  to  the  level  of  the  medulla  oblonjurata 

TRAinvBsa*  sbction  or  /p[r,.  log)  •  and  from  this  it  is  inferred  that  they 
ing  naceruiini;  •len^-ocnt.  consist  luamly  uf  hbres  running  continuously 
«^1  !^^  )^^-^'"""!•v "'   throughout. 

Gall,  G,  6.    (Charcot.)  '^ 

On  the  other  band,  in  the  external  portion  of 

the  posterior  column,  or  that  situated  nearest  the  posterior  horn  of 

gray  substance  (Fig.   100).  ascending  degenerations  extend  only  for 

two  or  three;  centimetres  above  their  origin.     It  is  therefore  inferred 

that  the  longitudinal  fibres  in  this  part  of  the  column  have  no  great 

length,  and  that  thej  originate  successively  from  the  gray  substance, 

to  terminate  in  it  again  soon  afterward  at  a  higher  level. 

III.  Among  the  most  iniporlant  facts  bearing  on  this  question  are 

those  connected  with  tin'  disease  known  as  hw.omoior  ataxia.     In  this 

affection  there  is  a  remarkable  difficulty  in  walk* 

ing,  of  such  a  character  that  the  patient^s  natural 

gait  is  altered,  and  he  is  no  longer  sure  of    his 

movements.     He  loses  the  power  of  equilibrium, 

and  cannot  guide  his  foot  to  a  particular  point 

without  a  direct  effort  of  the  will.     Consequently 

locomotion,  as  usually  performed,  becomes  impo$> 

Bible;   and  yet  the  patient   has  not  lost  in  any 

TuAssvKKSE  skctiox  o»  degree  the  power  of  voluntary  movement,  since 
Tirit     SpotAi,     roan;   ,    '^  ,  *  ^     .  ■      r  ii  '  i         r 

showffiK    Stiurogu    of  he   can   often    exert   hts   full   muscular   force   in 
lateral  portion -If  {-oiite-  grasping  an  object  or  in  pushing  or  pulling  with 

riorColuwui!.    Ltwwmo-  T.      ,  n    .    .       .         V  l  * 

torAuxu.  (Charcot.)  hi.'*  legs  or  arm 8.  But  he  has  lost  the  power  of 
involuntary  muscular  combination,  w"hich  is  c^ 
sential  fc^  ordinary  locomotion.  For  this  reason  the  affection  is  odled 
"  ataxia,"  and  not  paralysis. 

In  this  disease  the  only  parts  of  the  nervous  system  inv^iably 
affected  are  the  posterior  eoiumns  of  the  spinal  cord.  Thev  are  the 
seat  of  a  structural  degeneration  ti-rmed  "  sclerosis,"  in  which  the  con- 
nective tissue  is  increased  in  quantity  and  density,  while  the  nerve 
fibres  are  altered  and  atrophied.      According  to  Brown-S^quard,  if 
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mmed  to  a  small  extent  of  the  posterior  columns  it  does  not  usually 
uffc'ct  the  voluntary  movements;  but  if  it  extend  for  a  distance  of  several 
contimt'tres,  in  either  the  cervical  or  the  dorso-lumhar  region,  it  always 
cauBCs  a  disturbance  of  these  movements;  and  when  it  occupies  the 
whole  length  and  thickness  of  the  posterior  columnn,  the  patient  can 
neither  stand  nor  walk.  nUhouffh  while  lying"  down  and  with  the  aid 
of  viaion  he  can  still  move  bis  limbs  in  any  direction. 

But  the  sclerosis  of  tho  posterior  columns  producing  locomotor 
ataxia  is  confined  to  their  lateral  portions.  In  this  instance  the  disease 
19  not  a  secondary  degeneration,  but  a  primary  alteration  of  structure 
in  the  nervous  tract,  involving  more  or  less  completely  its  various  parts. 
According  to  Charcot,  degeneration  or  sclerosis  of  the  columns  of  (ioll 
(Pig.  108)  never  produces  ataxia ;  while  sclerosis  of  the  lateral  ]mrts 
of  the  posterior  columns  (Fig.  109)  is  always  accompanied  by  ataxic 
8yn)ptoms,  and  these  symptoms  are  more  marked  on  the  right  or  left 
aide  or  in  the  upper  or  lower  limbs,  according  to  the  seat  of  the 
structural  alteration. 

These  facts  all  point  to  tho  existence  in  the  spinal  cord  of  a  power  of 
reflex  muscular  coordination,  dependent  for  its  exercise  on  the  longi- 
tudinal fibres  of  the  posterior  columns. 

Another  important  action  of  the  spinal  cord,  as  a  nervous  centre,  is 
its  control  over  the  sphincfprs  and  the  muscles  of  evacuation. 

While  the  small  intestiuo,  the  ca?cum,  and  the  colon  are  supplied 
exdnsively  with  nerves  from  the  sympathetic  system,  the  lower  portion 
of  the  rtH^tuni  rcc«Mves  branches  from  the  sacral  plexus  of  spiual  nerves, 
distributed  l»otl»  to  its  mucous  membrDne  and  its  muscular  layer. 
The  lower  part  of  the  large  intestine  is  in  great  measure  a  temporary 
reservoir,  in  which  the  feces  accumulate  until  the  time  arrives  for  their 
evacuation.  The  rectum,  however,  U  in  general  nearly  empty  till 
shortly  before  evacuation  ;  and  when  the  feces  begin  to  pass  into  it 
from  above,  it  is  still  cnpnble  of  retaining  them  for  a  certain  period. 
Their  retention  and  discharge  are  provided  for  by  two  sets  of  mus- 
cular fibres;  namely,  first,  the  sphincter  ani,  which  keeps  the  orifice  of 
the  anus  closed;  and,  secondly,  the  levator  ani  and  the  circular  fibres 
of  the  rectum,  which  by  their  contraction  open  the  anus  and  expel  the 
fecvs.  Both  these  acts  are  regulated  by  the  reflex  iufiuence  of  the 
spinal  cord. 

In  the  normal  condition,  the  sjihincter  ani  is  habitually  contracted, 
thus  preventiug  the  escape  of  tho  contents  of  the  intestine.  An  external 
irritation,  applied  to  the  verge  of  the  anus,  causes  increased  contraction 
and  more  complete  occlusion  of  its  orifice.  This  habitual  closure  of 
the  sphincter,  which  is  a  purely  involuntary  act,  as  efiBcient  during  sleep 
as  in  tho  waking  condition,  dei)ends  on  the  reflex  action  of  the  spinal 
cord. 

But  when  the  rectum  has  become  distended  to  a  certain  point,  the 
nervous  action  changes.  The  impression  then  conveyed  to  the  spinal 
cord  causes  relaxation  of  the  sphincter  ani.     At  the  same  time  the 
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levator  aiii  draws  the  borders  of  thr  relnxfd  orifioe  upward  and  out- 
ward, and  the  fciies  are  expt-lted  by  the  muscular  contraction  of  thej 
rectum. 

Both  these  actions  arc  in  some  decree  associated,  durini^  health,  with  { 
sensation  and  volition.     The  distention  of  the  rectum  which  prooodes 
evacuation  is  accompanied  by  a  sensation,  and  the  resistance  of  the 
sphincter  may  be  intentionally  prolonged  for  a  certain  period.     But  thial 
power  of  control  is  limited.     After  a  time  the  involuntarr  impulse, ; 
growing  more  urgent  with  the  increased  distention,  becomes  irresifitibli*; 
and  the  dischariro  finally  takes  place  by  reflex  action  of  the  spinal  cord. 

When  the  irritability  of  the  cord  is  exag'g:erated  by  disease,  itg  oon«J 
nection  with  the  brain  remaining'  entire,  the  distention  of  the  rectum 
is  announced  by  the  usual  sensation  ;  but  the  impulse  of  evacuation  is^j 
BO  urg-ent  that  it  cannot  be  controlled,  and  must  take  place  at  once. 
The  discharges  are  then  said  to  Iw  '*  involuntary." 

If  the  cord,  on  the  other  hand,  be  disintegrated  in  its  middle  orj 
upper  portions,  all  sensibility  and  volition  connected  with  the  action  of 
the  sphincler  are  lost.  The  evacuotton  then  takes  place  by  the  ordinary 
mechanism,  as  soon  as  the  rectum  is  filled,  but  without  the  knowledjrfrj 
of  the  patient.    The  discharges  arc  then  "  involuntary  and  unconecious.*' 

Finally,  if  the  lower  portion  of  the  cord,  in  an  animal,  be  broken  up, 
by  an  instrument  introduced  into  the  spinal  canal,  the  tonic  contraction 
of  tiie  sphincter  at  once  disappears.  The  same  effect  is  produced,  in 
man,  by  disorganization  of  the  lower  part  of  the  spinal  cord  from  injury] 
or  disease.  The  sphincter  ani  is  then  permanently  relaxed,  and  the 
feces  are  evacuated  without  the  knowledge  of  the  patient,  as  fast  as 
they  descend  into  the  rectum  from  the  upjt^r  portions  of  the  intestinal 
canal. 

The  urinary  bladder  serves  also  both  as  a  reservoir  and  an  organ  of  1 
evacuation,  its  outlet  being  protected  by  the  circular  muscular  fibres^ 
at  the  commencement  of  the  iirethra,  known  as  the  "  sphincter  vesicse.*' 
While  the  nerves  distributed  to  the  kidneys  are  derived  exclusively  1 
from  the  sympathotic  system,  those  of  the  bladder  consist  partly  of  i 
synipathetic  filaments  from  the  mesenteric  ganglia,  and  partly  of  cenvi 
bro-spinal  filaments  frora  the  lumbar  portion  of  the  spinal  cord,  both 
sets  being  united  in  the  hypogastric  plexus. 

The  tonic  contraction  of  the  vesical  sphincter  during  health,  by  which 
the  urine  is  retained  in  the  blnddcr,  is  a  continuous,  involuntary,  and 
unconscious  act,  like  that  of  the  sphincter  ani.  At  the  time  of  evacua-' 
tiou,  the  sphincter  is  relaxed  by  a  voluntary  impulse,  and  the  mosciiiar 
coat  of  the  bladder  contracts  to  exj>el  its  contents;  but  although  the 
commencement  of  this  process  is  vohmtary,  the  &ul)sequent  contrac- 
tion of  the  bladder  continues  independently  of  the  will.  According 
to  the  experiments  of  Giannuzzi*  on  dogs,  irritation  of  the  lumbar 
portion  of  the  spinal  cord,,  by  pricking  with  a  steel  needle,  causes  con- 
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traction  of  the  urinar)'  bladder ;  but  those  contractions  are  no  lonjyer 
produced  after  dividing*  tl»e  roots  of  the  nacral  nerves.  Irritation  of 
either  the  sympathetic  or  the  spinal  nerve  filaments  going  to  the  hypo- 
gastric plexus  produces  contraction  of  the  bkddor,  more  energetic  in 
the  latter  case  than  in  the  former. 

Di.seBse  or  injury  of  the  tspinal  cord  causing  complete  paraplegia,  is 
Q^ually  accompanied  by  paralysis?  of  the  urinary  bladder.  The  muscu- 
lar contraction  of  the  bladder  is  therefore  under  the  iufiuence  both  of 
the  sympathetic  and  cercbro-spinal  systems ;  l>ut  its  most  energetic 
stlmuJus  comes  from  the  spinal  cord  through  the  sacral  nerves. 

The  closure  or  relaxation  of  the  sphincter  vesicae,  on  the  other  hand, 
is  regulated  by  influences  from  the  cereiiro-spinal  system  alone.  The 
resistance  of  the  sphincter  to  the  escape  of  fluid  from  the  bladder, 
measured  by  Kujiressow,*  in  the  rabbit,  was  found  equal  to  the  press- 
ure of  a  column  of  water  more  than  40  centimetres  in  height.  That 
is,  if  in  this  animal  one  of  the  ureters  were  closed  by  a  ligature,  and 
an  upright  tulx;  fastened  in  the  other,  the  bladder  and  the  upright 
tube  might  bo  filled  with  water  to  a  height,  on  the  average,  of  44  cen- 
timetres without  its  escaping  by  the  urethra;  beyond  that  point  the 
resistance  of  the  sphincter  was  overcome,  the  water  being  discharged 
by  the  urethral  orifice. 

The  experiments  of  Kiipressow  also  show  that  the  nervous  centre 
of  reflex  action  for  the  sphincter  vesicie  is  in  the  lumbar  portion  of  the 
spinal  cord.  If  the  cord  were  divided  at  the  level  of  the  first  or  sec- 
ond lumbar  vertebra,  no  difference  was  perceptible  in  the  resistance  of 
the  sphincter;  and  section8  at  the  third  and  fourth  lumbar  vertebrae 
diminished  it  by  only  two  centimetres.  But  if  the  cord  were  divided 
at  the  fifth  lumbar  vertebra,  the  resistance  was  reduced  to  14  centi- 
metres ;  and  the  same  effect  was  produced  by  section  at  the  sixth  and 
seventh  vertebrae  of  the  same  region.  The  tonic  contraction,  therefore, 
of  the  sphincter  vesica;,  although  it  may  be  aided  by  volition,  is  directly 
dependent  on  a  nervous  centre  situated,  in  the  rabbit,  about  the  middle 
f^  Hbfb  lumbar  portion  of  the  spinal  cord ;  since  it  persists  after  the  cord 
^liBlPVeen  separated  from  the  brain  by  a  section  at  or  above  the  fourth 
lumbar  vertebra,  but  disappears  after  a  section  at  or  below  the  fifth 
lumbar  vertebra,  thus  destroying  the  nervous  centre  or  cutting  off  its 
>mmunication  with  the  bladder. 

Both  the  retention  of  urine  and  its  evacuation  may  be  accomplished 
without  the  aid  of  v<jlition.  This  is  shown  by  the  experiments  of 
Goltz,t  who  found  that  after  division  of  the  spinal  cord,  in  dogs, 
Ix^tween  the  dorsal  and  Miiibar  rejrious,  the  animals,  though  deprived 
of  sensibility  and  voluntary  motion  in  ihe  posterior  limbs,  could  often 
retain  their  urine  for  a  considernble  time,  and  alao  evacuate  it  by  a 
Tegular  and  forcible  contraction  of  the  bladder. 

*  Archiv  fur  die  gef«aramtc  Physiolopie.     Bonn,  1872,  Band  v.,  p.  291. 
t  Axobiv  fur  diu  gtwammte  Phy«iologie.     Boua,  1S74,  Bond  viii.,  p.  474. 
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In  man,  when  the  sensibility  of  the  bladder  is  exaggerated  by  inflam- 
mation, the  reflex  impulse  to  micturition  is  increased  in  intensity,  pro- 
ducing an  intolerance  of  urine.  Under  these  circumstances  the  urine 
is  discharged  by  a  reflex  act  as  soon  as  it  has  accumulated,  in  small 
quantity,  in  the  bladder.  The  impression  which  excites  this  discharge 
is  accompanied  by  sensation,  but  is  too  urgent  to  be  resisted  by  the 
will. 

On  the  other  hand,  injury  of  the  spinal  cord  in  the  dorsal  region 
may  cut  off  all  sensibility  and  voluntary  power  over  the  bladder,  and 
yet  the  organ  may  l>e  evacuated  at  regular  intervals  by  the  reflex  action 
of  the  lumbar  portion  of  the  cord.  But  diseases  or  injuries  which 
affect  the  cord  in  its  lower  portion,  often  produce  comjrfete  paralysis 
of  the  bladder.  The  patient  is  consequently  unable  to  discharge  his 
urine  in  the  ordinary  way,  and  must  be  relieved  by  the  introduction 
of  a  catheter.  If  this  be  not  done,  the  urine  accumulates;  being 
retained  for  a  time  by  the  clastic  tissues  surrounding  the  neck  of 
the  bladder  and  urethra.  But  after  distention  has  reached  a  certain 
point,  this  resistance  is  overcome ;  and  the  urine  dribbles  away  from 
the  urethra  as  fast  as  it  is  excreted  by  the  kidneys.  Paralysis  of  the 
bladder,  accordingly,  first  causes  distention  of  the  organ,  afterward 
followed  by  a  continuous,  passive,  and  incomplete  discharge  of  its 
contents. 

The  spinal  cord,  in  its  character  as  a  nervous  centre,  exerts  a  general 
protective  influence  over  the  body.  It  presides  over  the  involuntary 
movements  of  the  limbs  and  trunk ;  it  supplies  the  requisite  nervous 
connections  for  the  attitude  and  locomotion ;  and  by  its  control  over 
the  rectum  and  bladder,  it  regulates  the  accumulation  and  discharge 
of  the  excrementitious  products  of  the  system. 


CHAPTER  V, 
THE  BRAIN. 


THE  brain  consiRtfi  of  various  deposits  of  g^rav  substance,  and  of 
tracta  of  whito  substance  serving  as  commissures  between  its 
different  regions,  or  as  means  of  communication  with  the  spinal  cord- 
Its  principal  divisions  are  the  cerebral  hemispheres,  the  cerebellum,  the 
tuber  annulare,  and  the  medulla  oblongata.  Of  these  the  hemispheres 
are  by  for  the  largest ;  forming,  in  man,  nearly  four-fiftha  of  the  entire 
brain. 

The  Hemispkeres. 

The  hemispheres  are  two  ovoidal  masses,  flattened  against  each 
other  at  the  median  line,  where  they  are  separated  by  the  great  longi- 
tudinal fissure,  and  presenting  on  their  lateral  surfaces  a  rounded  or 
bentispherical  form,  whence  their  name  is  derived.  They  consist 
externally  of  a  layer  of  gray  substance  from  two  to  three  niillimetree 
in  thickness,  covering  a  mass  of  white  substance,  the  fibres  of  which 
in  general  radiate  from  within  toward  the  cortical  layer.  Their 
surface  is  thrown  into  numerous  convolutions,  separated  from  each 
other  by  fissures  generally  from  10  to  25  millimetres  deep.  These 
fissures,  like  the  great  longitudinal  fissure,  are  the  spaces  where  oppo- 
site surfaces  of  adjacent  ctuivolutions  lie  in  contact  with  each  other; 
and  they  indicate  the  points  at  which  the  layer  of  gray  substance 
folds  inward,  to  return  upon  itself  again  and  form  the  next  convolu- 
tion. The  larger  quantity  of  gray  substance  is,  thereforje,  situated  at 
the  fissures  rather  than  at  the  convolutions ;  and  the  more  numerous 
and  deeper  the  fissures  on  the  surface  of  a  brain,  the  greater  the 
amount  of  gray  substance  which  it  contains. 

Although  the  cerebral  fussures  and  convolutions  are  not  all  the  same 
indifferent  brains,  nor  even  exactly  symmetrical  in  the  two  hemispheres, 
yet  many  of  them  are  sufficiently  constant  to  Ije  regarded  as  essential 
features  of  the  organ  ;  and  the  remainder,  while  varying  within  certain 
limits,  exhibit  a  general  arrangement  characteristic  of  the  species  to 
which  they  belong.  In  man  they  attain  a  very  high  degree  of  devel- 
opment; and  their  nomenclature  is  useful  for  designating  different 
parts  of  the  cerebral  surface. 

Next  in  importance  to  the  great  longitudinal  fissure,  which  separates 
the  hemispheres  at  the  nicdian  line,  is  the  Ftesure  of  Si/lmus  (Fig. 
110,  S).  This  is  a  much  deeper  cleft  than  the  others,  and  exists, 
according  to  Wilder,  in  all  animals  whose  brains  are  fissured  at  all. 
In  man  it  is  the  lirst  to  appear  during  embryonic  life,  being  visible  ae 
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early  as  the  third  month ;  and  in  the  adult  it  forms  a  basis  for  the 
whole  topographical  division  of  the  hemispheres.  It  commences  as  a 
transverse  indentation  on  the  under  surface  of  the  brain,  mnning 
thence  outward,  backward,  and  upw^ard,  to  form  the  anterior  boundary 

Fio.  110. 


Plan  of  the  Hcmax  Rbain,  in  Propilb;  showing  its  Fissures  and  ConvoIatioiUL    SL  FfaMirerf 
Sylvius;  S'.  Anterior  Branch ;  S".  Posterior  Branch ;  R.  Fissunof  Rolando;  P.  Parietal  FlMure. 

of  the  temporal  lobe.  In  some  of  the  inferior  animals  all  the  conrolu* 
tions  on  the  convexity  of  the  hemispheres  follow  the  coarse  of  this 
fissure,  bending  round  its  upper  extremity  in  a  loop-like  form ;  and  in 
the  human  brain  a  similar  general  arrangement  is  distinctly  visible. 

On  the  outer  side  of  the  cerebral  hemisphere  the  fissure  of  Sylvius 
presents,  in  man,  two  distinct  branches,  namely,  a  shorter,  anterior 
branch  (S'),  and  a  longer,  posterior  branch  (S").  At  its  middle  and 
anterior  portions,  the  fissure  is  very  deep,  concealing  beneath  its  folds 
a  group  of  short  radiating  convolutions  on  the  lower  and  lateral  snrfiMie 
of  the  brain,  called  the  "  Island  of  Roil,"  or  the  Insula. 

Externally  the  insula  is  covered  by  the  convolutions  included  between 
the  anterior  and  posterior  branches  of  the  fissure  of  Sylvius,  which  pro- 
ject downward  from  above  and  overlap,  at  this  point,  the  deep-seated 
parts.  This  portion  of  the  cortical  mass  is  known  as  the  "  Operco- 
lum,"  or  cover. 

The  second  important  fissure,  on  the  convexity  of  the  hemisphere, 
is  the  Fissure  of  Rolando  i  R).  This  fissure  runs  from  near  the  median 
line  outward  and  forward,  reaching  nearly  to  the  fissure  of  Sylvius, 
and  forming  the  boundary  between  the  frontal  and  parietal  portions  of 
the  hemisphere.  It  is  bordered  by  two  convolutions,  running  parallel 
with  itself,  namely,  the  "  anterior  and  posterior  central  convolutions." 

The  third  principal  fissure  is  the  Parietal  Fissure  (P).     It  starts 
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nd  the  poptorior  central  convolution,  ant!  runs  backward 
througL  tho  parietal  portion  of  the  hemisphere,  curving  downward 
toward  its  posterior  extremity.  Outgido  and  below  it  are  the  arched 
convolutions  about  the  fissure  of  Sylvius ;  inside  and  above  it  is  a  con- 
volution running  parallel  with  the  jrreat  longitudinal  fissure. 

Beside  the  fissures  just  numed  there  are  five  others,  which,  though 
less  strongly  marked,  are  constantly  present  and  show  considerable 
regularity  in  their  position  and  arrangement.  The  first  runs  parallel 
with  the  fissure  of  Rolando,  and  a  little  in  front  of  it;  whence  it  is 
called  the  "pnccentral  fissure."  The  second  runs  through  nearly  the 
whole  length  of  the  frontal  lobe,  parallel  in  general  direction  with  the 
great  longitudinal  fissure.  It  divides  the  upper  from  the  middle  portion 
of  the  frontal  lobe,  and  is  called  the  "superior  frontal  tissvire."  Tho 
third  is  the  "  inferior  frontal  fis^iure,*'  and  surrounds  the  end  of  the  short 
anterior  branch  of  the  fissure  of  Sylvius.  Tho  two  remaining  fissures 
of  this  grade  are  situated  in  the  temporal  lobe,  below  and  behind  the 
fismire  of  Sylvius,  with  which  they  run  in  a  general  parallel  direction. 
The  numerous  remaining  fissures,  which  increase  to  a  great  extent 
the  convoluted  asp<'ct  of  the  cerebral  surface,  are  of  secondary  import- 
ance and  irregular  in  location.  Some  of  them  run  longitudinally  along 
the  middle  of  a  convolution,  dividing  it  into  two  narrower  parallel 
folds ;  and  some  pass  transversely  between  two  fissures,  across  the  inter- 
vening convolution.  But  if  the  arachnoid  and  pia  mater  be  removed, 
these  secondary  fissures  are  found  to  be  merely  superficial  indentations; 
not  penetrating,  like  the  others,  deeply  into  the  brain. 

The  principal  convolutions  on  the  convexity  of  the  hemispheres  are 
as  follows: 

The  Ftmt  Frontal  Conx^lution  runs  from  near  the  upixT  md  of  the 

fissure  of  Rolando,  forward  along  the  edge  of  the  great  longitudinal 

fissure  to  the  anterior  extremity  of  the  frontal  lobe,  where  it  bends 

downward  and  backward,  terminating  below  in  a  straight  convolution 

oext  the  median  line,  resting  upon  the  upper  surface  of  the  orbital  plate. 

_    This  convolution  is  divided  and  folded  in  many  ways  by  secondary 

I   transverse,  obli(|ue,  and  longitudinal  tissures,  but  its  general  direction 

^Llpt  easily  recognized.     It  is  bounded  externally  by  tho  superior  frontal 

■  itture.* 

■  The  Second  Frontal  Convolviion  runs  parallel  with  the  foregoing 
^L  ^pwnward  and  forward  over  the  anterior  and  lateral  part  of  the  frontal 
^Ptlbe.     This  is  the  widest  of  the  three  frontal  convolutions,  and  the 

most  abundantly  variegated  by  secondary  folds  and  fissures.  It  is  sepa- 
rated from  the  first  frontal  convolution  by  the  superior  frontal  fissure, 
end  from  the  third  by  the  inferior  frontal  fissure. 

The  Third  Frontal  ConrHfltttion  is  situated  at  the  lower  and  outer 
part  of  the  frontal  lobf,  and  curves  round  the  anterior  branch  of  the 

Pfissnre  of  Sylvius.  It  communicates  posteriorly  with  the  lower  end 
of  the  anterior  central  convolution,  and  thus  contributes  to  form  the 
operculum. 
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The  Anterior  Central  Convolution  runs  outward  and  forwurd  fww 
tbc  great  longitudinal  fissure,  alonp^  the  front  edge  of  the  fijs^ure  of 
Rolando.  It  is  usually  a  single  con%'olution,  but  is  more  or  less  folded] 
bv  transverse  indentations.  It  coniniunioates  with  the  first  frontal 
convolution  above  and  with  the  third  frontal  convolution  below.  It 
also  curves  round  the  lower  end  of  the  fissure  of  Rolando,  to  unit« 
with  the  following-  convolution,  which  may  be  considered  as  its  coa- 
tinuation. 

The  PoHterinr  Central  Convolution  is  also  parallel  with  the  fissurel 
of  Rolando,  but  behind  it.  Above,  it  turns  backward,  uniting  with' 
the  convolutions  of  the  upper  part  of  the  parietal  lobe. 

The  Snpra-marrfinal  Convolution  starts  from  the  lower  part  of  the 
posterior  central  convolution  and  arches  round  the  upper  end  of  the 
fissure  of  Sylvius,  It  then  continut's  its  curvilinear  course,  running' 
downward  and  forwnrd,  parallel  with  the  inferior  margin  of  the  fisdOTe 
of  Sylvius,  toward  the  end  of  the  temporal  lobe.  In  this  gituatton  it 
is  knovm  as  the  First  Temporal  Convolution,  It  is  usually  divided. 
throuirhout  into  two  panillel  convolutions  by  a  secondary  fi&sure  rui 
ninjr  along:  its  axis,  and  both  these  secondary  convolutions  are  more  ol 
less  tran.sversely  folded. 

The  Angular  Coni'olution  orifrinates  from  the  precedinj^  and  foUowaj 
the  inferior  edire  of  the  parietal  fissure  to  its  posterior  extremity,  where' 
it  makes  a  rather  sharp  turn  downward  and  forward,  whence  its  naiue^ 
of  the  "ang-ular  convolution."     It  then  becomes  continuous  with  tl 
Second  Temporal  Convolution  running:  downward  and  forward  in  ll 
temporal  lobe.      Below  thi»  convolution,  and  parallel  with  it,  u?  the 
Third   Temporal  GonvoliUion,   forming   the   inferior   border   of  th« 
temporal  lobe. 

In  a  horizontal  section  of  the  brain  (Tig.   Ill),  the  convoltitionsj 
are  seen  to  penetrate  its  substance  for  varyinjiif  distances  at  differenti 
regions.     In  the  anterior  and  posterior  parts  they  leave  a  comparativelrj 
thick  layer  of  white  sub.stance  between  the  cerebral  g-anglia  nnd  tl 
jBrray  matter  of  the  cortex.     But  on  the  side  of  the  brain,  at  the  sit 
ation  of  the  fissure  of  Sylvius,  ''he  convolutions  reach  to  a  f^reAterl 
depth.     The  cerebral  ganirlin  are  placed  on  each  side  the  median  Une, 
near  the  base  of  the  brain  ;  the  anterior  pair,  or  the  corpora  dtriate, 
beinj?  separated  from  each  other  in  fmnt  by  the  anterior  horns  of  tbej 
lateral  ventricles  and  the  septum  liicidum,  and  the  posterior  pair,  or  thftj 
optic  thalami,  being  ."separated  in  a  similar  manner  by  the  third  ventri- 
cle except  where  they  are  united  by  the  soft  commissure  and  bj  tb«J 
peduncle.-*  of  the  pineal  body  and  the  posterior  commissure. 

The  corpora  striata  are  penetrated  from  within  and  below  by  fibres, 
which  run  to  a  great  extent  in  distinct  bundles,  thus  producing  a  visible  | 
white  strintion  in  their  gray  substance.  They  form  on  each  side,  at  i 
their  anterior  and  lowermost  part,  a  continuous  mass;  but  through- 
out their  remainder  they  are  divided  by  a  narrow  band  of  white  sub» 
stance  into  two  portions,  namely,  the  caudate  nucleus  (6),  ao  called 
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because  it  extends  backward  in  a  slender,  curved,  tail-like  prolonga- 
tion;  and  the  lenticular  nucleus  (7),  which  has  a  somewhat  lens-like 
fipure,  and  is  further  divided  into  three  concentric  zones.  Between 
the  lenticular  nucleus  and  the  optic  thalamus  is  a  band  of  white  e^ub- 

Fio.  111. 
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HttkrxowTAi,  Surnajf  of  the  IIi<:uisphkre&,  at  thi  Levklujt  iue  CKmnBRALOANoLU.— 1.  Gntl 
lodfitudlual  Fls»ure.  betwo-n  (ronial  lobes;  12.  Great  luoiirit'>--Unfll  KImuk,  between  occlpitAl 
|n^M«;  a,  Antcrivr  imrt  uf  ror|iua  <'allc>sui]i ;  4,  FlasureufSylviu*;  5.  Convolutinasof  thclDsuIu  . 
<i.  CauiUte  NuL'li-uH  <>(  Corpu-t  Striatum;  7.  Loutirular  Nitrlnus  of  Cor|JUs  Strintum;  6.  <>\itic 
Tludamus:  9.  Internal  CapsuU';  10.  External  Capiulc-,  U.  Clauatrum. 

Stance,  the  internal  capsrule  (9),  consisting-  of  fibrous  bundles,  the  con- 
tinuations of  the  crura  cerebi,  passing  obliquely  upward  and  outward 
from  below.  The  optic  thalamus  (8),  situated  on  the  inner  side  of 
the  internal  capi^ulc  is  of  a  lijrhter  and  more  uniform  tint  than  tlie 
cor[ms  striatum,  since  the  nerve  fibres  which  penetrate  it  from 
below  are  dispersed  in  minute  brush-like  ramifications  through  its 
substance.  On  the  outer  aspect  of  the  lenticular  nucleus  is  a  second 
onvt'lojie  of  white  substance,  known  us  the  external  capsule  (10), 
with  n  thin  layer  of  gray  suVjstance,  the  clavstrum,  or  partition  (11), 
aud  beyond  that  the  white  substance  and  convolutions  of  the  insula 


(5).  At  thiB  fntuatior^  accord* 
uigly,  the  pray  substance  of  tl 
coriox  is  in  close  proximity  id 
that  of  the  cerebral  pan^lia,  while 
flsc" where  it  is  separated  from' 
thorn  by  a  considerable  thickD<as 
of  while  substance. 

Oral/  Subnlance  of  the  Contio- 
liifion^. — The  gray  substance  on 
the  eurfaee  of  the   heoiisphpregi 
forms  a  convoluted   layer,  ini< 
which  the  nerve  fibres  pcnetmti 
from  the  central  masa  of  wbit»j 
substance.     It  consists  of  a  uniJ 
fornily  granular  matrix,  in  whlchj 
are  imVjedded  nerve  cells  aud  thei 
prolong-ntions,  tosrether  with  thai 
nerve  fibrei?  dispersed  among 
them.     It  is  divided  into  several] 
BupiTimposed  layers,  dii»tini?nish-| 
ed  by  the  form,  size,  aud  outnlK'r;*] 
of  the   nerve   cellw  which    they| 
contain.    The  most  characterise 
of   these   elements   are    the   so-i 
called  "pvramidiil  cell^*,'*  oecupy- 
injr  the  middle  portion  of  the  jrray  | 
substance.     They  have  a  pointed 
extremity,    directed    outward, 
while  the  base  look^  toward  the, 
white  subntanee  of  the  interior. 
The  most  superficial  of  these  eellaj 
arc  the  smallest  ami  most  numer-i 
ous,  averaging  about  10  mmm.  in' 
diameter.    Those  which  are  mor«  | 
deeply  seated  are  les.*  abundant,^ 
but   of  larger  size,  from    25   toi 
40  mmm.  in  diameter.     Some  of 
the  proloujtrations  from  the  basal 
of  the  cells  lose   themBelresi 
in   the    bundles    of  nerve  fihr«i 
entering    from    the    white    sub- J 
stance. 

Beneath  the  pyramidal  colb  is 
a  layer  containing  marh  smaller 
cellular  elonionts,  from  8  to  10 
mmm.  in  diameter,  known  as  the 
"  nuclear  layer."    Ita  cells  hare 
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fine  diver^ng  processes,  who^*e  termination  nnd  connections  are  un- 
knoMSTi. 

As  the  bundles  of  nerve  fibres  penetrate  the  pray  substance,  they 
rapidly  diminish  in  size,  their  (ibres  divcrginer  latorally  to  pursue  a  more 
or  le.^s  horizontal  course ;  nnd  in  the  external  portions  of  the  gray  sub- 
stance there  are  only  ihiolated  fibres  running  in  various  directions. 
During  this  dispersion,  the  nerve  fibres  become  redacted  to  their  smallest 
dimensions,  measuring,  according  to  Kiilliker,  from  1  to  2  lumm.  in  diam- 
eter. Most  of  th«^ni  spread  out  at  various  levels  in  the  gray  substance, 
while  others  reach  quite  to  its  superficial  portions. 

Structure  of  the  Gray  Suhttfanre  in  Special  Parts  of  the  Hemi- 
tpftereg. — The  gray  substance  of  the  convolutions  presents  certain 
peculiarities  in  particular  regions,  the  most  important  of  which  are 
those  described  by  Betz.*  These  observations,  which  were  based  on 
the  examination  of  more  than  one  thousand  sections,  show  that  there 
are  difTerenees  of  structtire  in  the  gray  substance  characteristic  of  ex- 
tensive portions  of  the  hemispheres.  The  cerebral  surface  is  divided, 
in  this  res]K?ct,  by  the  fissure  of  Rolando  into  two  main  departinents, 
an  ttutt^rior  and  a  posterior.  The  anterior  department,  including  the 
convexity  of  the  frontal  lobe,  its  under  surface  resting  on  the  orbital 
plate,  and  its  median  surface  at  the  great  longitudinal  fissure,  is  distin- 
guished b}'  the  preponderance,  in  its  gray  substance,  of  the  layer  of 
pyramidal  cells.  In  the  posterior  department,  on  the  other  hand,  in- 
eluding  both  the  occipital  and  tomporal  lobes,  the  nuclear  layer  pre- 
dominates, the  pyramidal  cells  beiug  less  abundant. 

Furthermore,  at  the  posterior  border  of  each  of  these  two  depart- 
ments ll»ere  is  a  special  region,  characterized  by  cells  of  a  particular 
variety.  In  front  is  the  region  of  the  so-called  (jiant  pt/ratnidal  celh. 
It  occupies  the  whole  of  the  anterior  central  convolution  and  the  upper 
end  of  the  posterior  central  convolution,  and  extends  into  the  "para- 
central lobule,"  which  is  a  continuation  of  these  two  convolutions  on 
the  median  surface  of  the  hemisphere.  The  pyramidal  cells  in  this 
region,  as  their  name  implies,  are  the  largest  in  the  brain,  approxi- 
mating and  often  equalling  in  size  those  of  the  anterior  horns  of  gray 
substance  in  the  spinal  cord.  They  are  from  40  to  (»0  mmm.  in  width, 
and  from  50  to  120  mmm.  in  length.  They  all  have  a  number  of 
radiatin^'^  processes,  among  which  are  two  principal  ones.  One  of  them, 
given  off  from  the  point  of  the  pyramidal  cell,  runs  in  a  tapering  and 
branching  form  toward  the  external  surface  of  the  convolution.  The 
other,  which  is  given  ofl'  from  the  base  of  the  cell  and  runs  inward 
toward  the  white  substance,  is  slender  at  its  commencement,  but  soon 
grows  thicker  and  acquires  a  medullary  layer,  assuming  the  appearance 
of  a  nerve  fibre. 

The  posterior  special  region  occupies  the  extremity  of  the  occipital 
lobe.     Itfi  characteristic  cells  are  of  rather  large  size,  but  have  few 
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processes  and  no  distinctly  marked  axis  cylinder  prolongation.  Their 
terminal  process  is  very  slender  and  without  lateral  branches;  while 
their  basal  processes  extend  mainly  in  a  horizontal  direction,  and  some- 
times communicate  with  thosf  of  adjacent  cells.  These  observations 
have  bein  confirmed  in  ninny  particulartJ  by  Tuke,*  Lewis.f  and  Char* 
cot.J  and  arc  generally  accepted  by  cerebral  anatomists. 

Course  of  Fibres  in  the  White  Substance  of  the  Hemispheres. — The , 
white  substance  of  the  henii.si*heres  consists  mainly  of  nerve  fibreis  or 
fibrous  tracts  bclouK-in/^  to  three  diflereot  orders,  narach' :  lat.  Com- 
missural fibres ;  2d.  Fibres  of  association ;  and  3d.  Medullar^'  fibres. 

I.  The  commissural  fibres  are  those  which  connect  with  each  other 
similar  parts  of  the  right  and  left  hemispheres.  Their  priocipiU  hulss 
is  in  the  "corpus  callosum,"  or  great  transverse  commissure  of  the 
cerelirum,  which  forms  a  broad  band  of  white  substance  at  the  bottom 
of  the  longitudinal  fissure  and  from  which  the  constituent  fibres  spread, 
out  on  each  side  to  all  the  convolutions  of  the  frontal  and  occipital 
lol)es.  and  to  the  ui)per  and  posterior  portions  of  the  temporal  lobe. 
Next  in  importance  is  the  "  anterior  commissure/'  a  narrow  cylindrical 
band  of  white  substance  crossing  the  median  lino  near  the  base  of  tbo 
brain,  a  little  in  front  of  the  optic  thalami,  and  whose  fibres  radiate  on 
each  side  to  the  lower  and  anterior  parts  of  the  temporal  IoImj.  This 
is  accordingly  a  special  transverse  commissure  for  the  convolutions 
situated  below  the  fissure  of  Sylvius,  while  the  corpus  callosum  is  a 
general  transverse  commissure  for  those  situated  above,  in  front  and 
behind  it.  By  these  commist^ural  fibres  the  convolutions  of  each  region 
of  the  hemisphere  are  placed  in  connection  with  those  of  the  corre- 
eponding  region  on  the  opposite  side. 

II.  The /?6re«  of  association  form  tract*?  lying  immediately  beneeth 
the  gray  aubstanee  ruuuing  in   a  general  longitudinal  direction,  and, 
connecting  different  convolutions  on  the  same  side.     Many  of  them 
have  a  short  course,  connecting  the  gray  substance  of  adjacent  convt*-. 
lutions;  others  are  longer,  passing  beneath  one,  two,  or  even  three j 
intermediate  convolutions;  while  others  run  a  very  extended  course,, 
as  from  the  point  of  the  frontal  lobe,  olong  the  edge  of  the  longitudinal' 
fissure  to  the  end  of  the  occipital  lobe,  or  following  the  borders  of  the 
fissure  of  Sylvius  t«  the  end  of  the  temporal  lol>e.     According  taj 
Huguenin,  it  must  be  admitted  that,  in  general,  all  the  principal  eou-j 
volutions  of  a  cerebral  hemisphere  are  coriuected  with  each  other  by 
fibres  of  association,  in  lonirer  or  shorter  tracts. 

III.  The  medtdlarif  fibres  are  those  which  connect  the  hemisphef 
with  the  medulla  oblongata.     They  come   up  from   the  spinal  cord^j 
through  the  medulla  oblongata,  and  emerge  from  the  superior  border  i 
of  the  tubi^r  annulare,  as  the  crura  cerebri.     Tht.'  crura  cerebri   are 
divided,  about  the  middle  of  their  thickness  by  a  thin  blackish  gray 

*  Edinburph  Me«3tcal  .lonrnal,  1875,  vol.  xx.,  p.  394. 

t  Brain.     Lotnlon,  1878,  p.  79. 

t  LefotiK  sur  lea  Localifuitiuns  dana  les  Maliidies  du  Cerveau.     Paris,  1878,  p.  34., 


BRAIN. 


421 


} 


\ 


TaminB,  into  two  parts,  a  superior  and  an  inferior.  Tlio  inferior  part, 
or  that  risible  on  the  under  surface  of  the  brain,  is  called  the  "base" 
of  the  crura  cerebri.  It  coiiBiste  of  two  conspicuous  diverging  bumllis, 
the  fibres  of  which  g:o  to  the  corpora  striata  and  internal  capsule.  Tlio 
sup<'rior,  deep-pcated  portion  of  th<'  crura  cerebri  is  culled  the  "teg- 
mentum" or  cap.  Its  fibres  pass  to  the  optic  thalanii  and  internal 
capsuL. 

The  intefnal  capsule  accordingly  represents,  on  each  side,  the  con- 
tinuation of  the  crus  cerebri.  But  this  continuity  is  an  interrupted 
one.  The  fibres  fi:)rniing  the  cms  eert-bri  plunge,  for  the  most  part, 
directly  into  the  corpus  striatiinj  in  front  and  the  optic  tlmlamus 
behind,  becoming  dispersed  in  the  gray  substance  of  these  ganglia,  and, 
to  all  appearance,  terminating  in  or  among  their  nerve  cells.  These 
fibres,  at  the  same  time,  are  replaced  by  others  which  originate  in  the 
cerebral  ganglia,  and  which,  pa.ssing  oblirpjely  upward  and  outward, 
join  the  internal  capsule,  to  continue  their  course  toward  the  gray  sub- 
stance of  the  hemispheres.  At  the  upper  border  of  the  ganglia,  they 
spread  out  in  the  diverging  bundles  of  the  corona  radiata,  and  thus 
reach,  at  last,  the  convolutions  of  the  cortex.  The  internal  cap.sule  is 
accordingly  composed  partly  of  fibres  which  come  up  from  the  crura 
cerebri,  and  terminate  in  the  cerebral  ganglia,  and  partly  of  fibres 
which  start  fmni  the  ganglia,  and  run  upward  to  the  cortex ;  and  the 
communication  iK'tween  the  cerebral  convolutions  and  the  spinal  cord 
ifl,  for  the  greater  part,  an  indirect  communication  through  the  cerebral 
ganglia. 

IHrcct  Medullary  Fibres. — Beside  the  fibres  above  described,  there 
is  evidence  that  the  internal  capsule  contains  also  tracts  of  direct  com- 
munication, which  pass  through  it  from  the  convolutions  to  the  crura 
cerebri  without  interruption  by  the  gray  substance  of  the  ganglia. 
These  direct  fibres  are  of  two  kinds,  namely  ;  first,  motor  fibres,  passing 
from  the  convolutions  about  the  fissure  of  Rolando,  through  the  middle 
part  of  the  crxira  cerebri,  to  the  pyramidal  tracts  of  the  spinal  cord; 
and,  secondly,  .sensitive  fibres,  passing  from  the  spinal  cord  along  the 
outer  border  of  the  crura  cerebri,  through  the  jwsterior  part  of  the 
internal  capsule  toward  the  convolutions  of  the  occipital  lobe. 

I.  The  direct  motor  fibres  of  the  interna!  cap.sule  have  not  been 
clearly  demonstrated  by  methods  of  dis.>^ection ;  the  intricate  crossing 
in  the  upper  part  of  the  capsule  making  it  difficult  to  follow  individual 
fibres  for  a  sufficient  distance.  Their  existence  is  mainly  inferred  from 
the  occurrence  of  desceniing  degenerations  in  this  part  of  the  brain. 
According  to  Chare  t,*  de.^tructive  lesions  of  the  cortical  substance, 
in  the  anterior  and  p  sterior  central  convolutions,  give  rise  to  descend- 
ing degrenerations  which  pass  through  the  internal  capsule,  crura 
cerebri,  anterior  pyramids,  and   lateral  columns  of  the  cord.     Such 


*  Le^n»  nir  lea  Localisations  danji  leti  MnJudiea  du  Cerveau.    Pnris,  1678,  pp. 
156,  166. 
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head  briskly  in  consequence  of  a.  fly  having  alighted  on  the  woand. 
The  discharge  of  a  pistol  behind  his  hack  will  often  cause  him  to  opeo 
his  i^yes  and  tiiru  his  head,  as  if  in  sign  of  having  heard  the  report; 
but  he  immediately  becomes  quiet  again  and  pays  it  no  further  atten- 
tion. Vulpian  found  that  in  a  pigeon,  after  the  animal  had  been 
roused  by  pinching  the  foot,  the  sudden  approach  of  a  hand  toward 
the  eye  caused  a  winking  uiovemcnt  with  partial  turning  of  the  heftd. 
Sometimes  such  a  pigeon  will  fix  his  eye  on  a  particular  object  for 
several  seconds  together ;  and  Longet  found  that  on  moving  a  Ught«4 
Candle  before  tfie  bird  in  a  dsirk  place,  its  head  would  often  follow  th« 
movements,  showing  that  the  retiua  was  still  sensitive  to  light. 

But  it  is  doubtful  whether  such  movements  indicate  a  real  perception 
on  the  part  of  the  animal,  or  whether  they  are  simply  automatic  reao 
tions  of  the  nervous  system,  like  the  contraction  and  dilatation  of  lb* 
pupil  iu  a  person  who  is  unconscious.  It  is  certain  that,  if  impre.ssionfl 
are  perceived  by  the  pigeon  after  removal  of  the  hemispheres,  they  are 
immediately  forgotten ;  and  furthermore  that  they  do  not  excite  any 
corresponding  series  of  ideas.  The  report  of  a  pistol  causes  no  sign 
of  alarm,  and  is  not  followed  by  any  attempt  at  escape;  for  the  sound, 
even  if  perceived  by  the  animal,  does  not  suggest  any  idea  of  danger  or 
injury.  pjXternal  phenomena,  and  their  impressions  on  the  nervous 
system,  are  without  aignilicauce  for  the  animal ;  and  be  is  consequently 
no  longer  capable  of  originating  intelligent  volitional  acts. 

Ill,  Iu  man,  the  general  result  of  injury  or  disea*te  of  the  hemi- 
spheres is  a  disturbance  of  the  intellectual  faculties.  Among  the  earlieel 
and  most  constant  of  these  phenomena  is  an  impainnent  of  memory. 
The  patient  forgets  the  names  of  particular  objects  or  persons ;  or  he 
is  unable  to  calculate  numbers  with  his  usual  facility.  His  mental 
derangement  is  often  shown  in  the  undue  estimate  which  he  forms  of 
passing  events.  He  will  show  an  exaggerated  degree  of  solicitude 
about  a  trivial  occurrence,  while  he  pays  no  attention  to  matters  of  real 
importance.  As  the  difficulty  increases,  he  becomes  careless  of  direo- 
tions  and  advice,  and  must  be  managed  like  a  child  or  an  imbecile. 
Finally,  when  the  injury  to  the  hemispheres  is  excessive,  tho  senMtt 
may  still  remain  impressible,  while  the  patient  is  completely  deprived 
of  intelligence.  The  frequency  of  these  results  in  lesions  of  the  hemi- 
spheres, without  lo.ss  of  sensibility  or  motion,  shows  the  close  conneo: 
tioa  between  the  mental  powers  and  the  nervous  action  of  this  portioi 
of  the  brain. 

The  same  connection  is  seen  in  congenital  idiocy  with  imperfect 
development  of  the  brain.  In  many  cases  the  immediate  condition 
upon  which  idiocy  depends  is  the  small  size  of  tho  brain  as  a  whole, 
and  particularly  that  of  the  cerebral  hemispheres.  The  general  and 
special  senses,  and  the  activity  of  the  nervous  system  at  large,  are 
sometimes  fully  developed  in  idiots,  while  the  int<*lligence  remains  at 
80  low  a  grade,  that  no  improvement  in  the  mental  operations  is  possi- 
ble, and  instruction  is  consequently  without  effect. 
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The  mental  endowments  chiefly  concerned  in  the  manifef^tatioDB  of 
intelligence  are  memory,  reason,  and  judgnitiut. 

Memory  is  the  simplest  and  most  C88eutial  of  these  faculties  for  the 
performance  of  intelligent  acts.  The  recollct-tion  of  names,  and  of  the 
objecta  to  which  they  belong,  is  indinpeni^able  for  ovt>n  the  uwe  of  articu- 
late language ;  and  a  defective  memory  (ifteu  seems  the  immediate 
cause  of  the  incapacity  of  idiotic  children.  Memory  is  constantly 
eeeential  in  the  ordinary  owiipations  of  lilV,  in  pnal>ling  us  to  retain 
pftst  impre8Bions  a.n  a  guide  for  imnu'diate  or  future  acts. 

Reason  may  be  considered  a8  the  ability  to  appreciate  the  nature  of 
nervous  impressions,  and  to  refer  them  to  their  external  source.  This 
is  quite  different  from  the  simple  power  of  perception,  which  may  con- 
tinue unimpaired  after  extensive  injury  of  tht^  hfinispheres.  The  mental 
action  excited  by  an  impression  on  the  .'^enses  transfers  our  attention 
from  the  sensation  to  its  cause ;  and  wheu  this  action  is  prompt  and 
effectual,  we  acquire  an  idea  both  of  the  origin  of  the  impression  and 
its  significance.  The  [>orfection  of  this  iiuatity  eonsit^ts  in  the  cert^iinty 
with  which  it  appreciates  the  relation  between  cause  and  effect  and 
the  relative  importance  of  different  phenomena.  It  is  de6cient  or 
absent  in  idiots,  and  they  con.scquently  cannot  avoid  dangers,  or  provide 
for  their  necessities.  For  the  same  reason  it  is  useless  to  piujinh  an 
idiot,  because,  although  he  may  feel  the  pain  inflicted,  he  does  not  refer 
It  ae  a  consequence  to  any  previous  act  of  bis  own.  A  similar  defi- 
ciency in  the  insane  or  the  weak-minded  ]>roduces  a  want  of  power  to 
comprehend  the  importance  and  connection  of  different  events.  They 
are  Baid  to  Ijo  "  unreasonable, "  because  they  expect  results  which  arc 
unlikely  to  follow  from  certain  eanse«,  and  because  they  assume  the 
existence  of  causes  which  are  not  indicated  by  the  results. 

Judgment  is  the  faculty  by  which  appropriate  means  are  selected  for 
the  accomplishment  of  a  particular  end.  Its  exercise  requires  the 
existence  of  reason  and  memory,  which  supply  the  necessary  conditions 
npon  which  it  is  based ;  while  its  own  action  is  one  which  looks  to  the 
future  rather  than  to  the  post.  An  individual  in  whom  the  judgment  is 
well  developed  t-mploys,  under  the  guidance  of  exiwrience,  means  which 
are  adapted  to  the  end  in  view ;  one  who  is  deficient  in  this  respect 
resorts  to  means  which  iire  insufficient  or  inappropriate,  and  is  conse- 
quently unsuccessful.  "Whether  the  act  performed  in  this  manner  Ik*  a 
simple  met;hauical  operation,  like  that  of  shutting  a  door  to  exclude 
the  cold,  or  a  complicated  plan  involving  many  parts,  the  mental 
process  is  tho  same  in  kind,  and  differs  only  in  degree ;  its  essential 
character  being  that  it  is  an  intelligent  act,  based  on  an  understanding 
of  the  previous  londjtiuiis,  uud  intrnded  to  accomplish  a  definite  result. 

It  is  evident  that  all  such  manifestations  of  intelligence  arc  in  the 
nature  of  reflex  actions.  Their  starting  point  is  a  sensation  coming 
from  without,  giving  rise  in  the  nervous  system  to  a  series  of  internal 
operations,  and  terminating  in  au  intelligent  volitional  impulse.  This 
IB  reflected  from  within  outward,  and  thus  finally  calls  into  action  tho 
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voluntary  muscles.  The  intermediate  process,  between  the  eensatic 
uud  the  volition,  may  1>e  short  and  simple;  or  it  may  be  lonjf 
complicated,  involving  the  continued  suggestion  of  many  eurcweii 
ideas.  There  can  he  little  doubt  that,  in  either  case,  it  is  aceompoiiic 
by  actions  of  some  kind  in  the  gray  substance  of  the  cert'bral  heraj 
spheres;  for  if  these  organs  are  injured  or  defective,  the  mental  ojier 
tions  are  obstructed  or  disturbed. 

But  the  nature  of  the  nervous  process  accompanying  mental  acti< 
is  unknown.  Physiological  research  gives  us  no  information  wit 
regard  to  the  brain  as  an  organ  of  intelligence,  beyond  the  fact  that 
is,  in  some  way,  essential  to  its  manifestation ;  and  all  the  raoder 
investigations  into  its  structure  and  physiological  properties  have  fail; 
to  increase,  in  any  esjaential  particular,  our  knowledge  of  its  office  and 
action  in  the  oiioratioiis  of  the  iniud. 

Localization  of  Function  iv  different  parts  of  the  Uenni^iherff.- 
On  the  other  hand,  the  most  valuable  information  has  been  obtained 
late  years  from  the  study  of  the  simpler  nervous  functions  and  lh«*l 
localization  in  diderent  parts  of  the  hemitipheres.  The  recent  improvi 
ments  in  our  knowledge  of  cerebral  physiology  relate  almost  cntirel) 
to  the  brain  as  an  organ  for  combining  and  regulating  the  nervoi 
mechanism  of  conscious  Rcnsations  and  voluntary  movements.  Tbej 
show  that  certain  parts  of  the  cortex  of  the  hcmiripheres  are  connect* 
with  phenomena  of  motion,  others  with  the  power  of  sensation  ;  whil 
others  still,  so  far  as  yet  known,  are  indifferent  to  both  these  functions 
and  are  perhaps  connected  with  nervous  acts  of  a  different  kind.  Tl 
hemispheres,  accordingly,  do  not  act  indiscriminately  as  a  whole ;  bt 
the  convolutions  of  particular  regions  have  a  structure  and  properti* 
differing  from  those  elsewhere.  The  knowledge  thus  far  obtaine 
relates  chiefly  to  three  different  points,  namely.  1st  Centres  of  Motion^ 
2d.  Centres  of  Sensation ;  3ii.  The  Centre  of  Language. 

I,  The  beginning  of  the  jiresent  doctrine  on  this  subject  was  the  dli 
covery,  by  Fritsch  and  Ilitzig*  in  1870,  of  the  centres  of  motion 
the  hemispheres  of  the  dog.     They  showed  that  galvanic  currents, 
low  intensity,  applied  to  certain  points  on  the  surface  of  the  convoli 
tions,  give  rise  to  defitiite   nifivements  of  the  head,  body,  or  Iimhft| 
while  no  such  effect  is  produced  by  galvanization  of  the  cerebral 
face  in  other  regions.     These  experiments  were  subsequently  extende 
to  cats,  guinea-pigs,  rabbits,  and  monkeys.     They  have  been  confirm( 
by  many  other  observers  in  England,  France,  Ituly,  and  the  United 
States,  and  we  have  repeatedly  verifled  their  main  results.f 

The  important  features  of  these  experiments  are  as  follows.  Whel 
the  animal  is  ctherizedj  and  the  convexity  of  the  hemisphere  cxposedl 
on  one  pide  by  trephining  the  skull,  the  poles  of  a  galvanic  battery, 
applied  to  many  parts  of  the  convoluted  surface,  produce  no  risibli 

*Archir  tur  Anatomic,  Plij'!<iolog"ie   uiid  wisseiinoliaftli«lie   Medicin. 
3870,  {>.  300.     Ilitzig,  Unlen*iidiiiiigi.'n  iibtr  Htm  Gehirn,     Berlin.  1874. 
fNew  York  Medical  Journal,  March,  1875,  p.  226. 
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rcBult.  But  at  certain  circumscribed  localities,  the  applicaiiou  of  the 
gralranic  stimulus  causes  definite  movements  of  the  limbs,  head,  of 
trunk.  The?ie  moveinonts  ahvays  take  plave  on  the  opposite  side 
of  the  body.  They  are  different  from  the  jireneral  convulsive  reactions 
produced  by  galvanizing  the  spinal  cord,  the  trunk  ol'  a  spinal  nerve, 
or  the  base  of  the  brain.     They  _ 

are  confined  to  particular  muscles 
or  groups  of  muscle.'*,  and  produce 
flexion  or  extension  of  the  anterior 
or  posterior  limb  separately,  or  of 
a  single  joint  in  either.  They  are 
not  quite  instantaneous,  but  often 
have  a  certain  apjiearance  of  delib- 
eration, and  resemble  in  character 
the  normal  voluntary  movements 
in  a  waking  condition.  In  the 
same  animal,  particular  move- 
ments, such  OS  flexion  or  ex- 
tension of  the  fore  or  hind  puw, 
always  follow  galvanization  of 
particular  points  on  the  cerebral 
convolutions,  the  relation  be- 
tween the  spot  paivanized  and 
the  part,  moved  reniainins:  inva- 
riable. The  spot  on  the  cerebral 
surface  which  thus  responds  to 
galvanization  by  the  movement  of 
a  pnrtionlur  limb  or  part  of  a  limb 
is  therefore  calknl  the  "centre  of 
motion  "  for  that  part.  In  differ- 
ent dogs  the  special  centres  of  mo- 
tion are  not  strictly  identical  in 
locality,  but  they  are  very  nearly 
80 ;  and  the  region  within  which  these  centres  exist,  or  the  "  motor 
region,"  is  as  definitely  marked  as  any  other  anatomical  division  of  the 
brain.  It  conipriM's  chiefly  the  cnnvolution.s  surrounding  the  so-called 
"  frontal  fissure,"  a  nearly  transverse  furrow  in  the  anterior  portion 
of  the  dog's  bruin,  running  outward  for  a  short  distance  from  the  great 
longitudinal  fissure. 

It  was  for  some  time  a  matter  of  doubt  M'hethcr  the  localized  move- 
ments in  questiou  were  produced  by  stimulation  of  the  cortex,  or  whetht-r 
they  were  due  to  a  diffusion  of  the  galvanic  current  and  consequent  irri- 
tation of  more  deeply-seated  parts,  especially  the  coqwra  striata.  But 
this  doubt  is  no  longer  entertain«nl  by  the  majority  of  physiologists. 
When  the  distance  between  the  two  electrodes,  and  therefore  the  length 
of  the  current  traversing  the  convolution,  is  only  one  millimetre,  galvan- 
ization of  a  particular  spot  may  produce,  many  times  in  succession,  a 


Brain  ow  thk  I>oo,  from  nbore ;  Bbowtng  oentn"* 
of  lUDtiuu  in  the  cipuvolutiuu*.  F.  Frontal  &»• 
•uru,  t.  ri«xU*u  i>(  hejid  uti  neck.tu  Chemodtaji 
tine.  1.  Flculon  uf  bend  on  n«ck,  with  ruUUoii 
tirvArd  the  «ido  of  the  fUmuluji.  3,  4.  Flpxion 
»nd  «xteni«lon  uf  anterior  lloib.  5,6.  Flexion 
snd  extensiun  uf  |MMterior  lltnb.  7,  8,  9.  Cou- 
IracUoo  uf  urblculnrli  oculi  and  uUiur  ttcM 
muscle*. 
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definite  muscular  contraction  ;  nnd  yot  thr  application  of  the  pW 
lo  neig^hborinfj:  spots,  not  more  tban  five  millimetres  distant  from  the 
firist  and  equally  near  the  base  of  the  brain,  may  be  without  offect.  Fer- 
rier  *  has  found,  in  experiments  on  monkeys,  that  stimulation  of  the  con- 
volutions  of  the  insula,  which  lie  in  close  jiroxiraity  to  the  corpus  stri- 
atum, produces  no  visible  result ;  while  that  of  tho  more  distant  con- 
volutions in  the  motor  region  on  the  surface  of  the  hemisphere  causes 
an  immediate  and  di-finite  movement.  Lastly,  decisive  proof  is  eup- 
plied  by  the  experiments  of  Braun  f  and  Putnam. J  In  these  experi- 
ments points  were  found  on  the  cerebral  convolutions  where  electria! 
Bllmuln.s  produced  the  usual  definite  muscular  contnictions.  A  hori- 
zontal section  wtm  then  made  one  or  two  millimetres  beneath  the 
surface,  leaving  tho  flap  in  place  but  cutting"  off  the  anatomical  con- 
tinuity of  brain  tissue.  Tlie  irritation,  then  reapplied  to  the  original 
spot,  failed  to  excite  muscular  contraction  ;  but  if  the  flap  were  turoetl 
up  and  the  electrodes  applied  to  the  cut  surface  beneath,  a  curreat  of 

Fia.  114. 
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similar  or  Mijrhtly  increased  Btrength  produced  the  same  moveipenl 
as  before.     R<  peatcd   trials  of  this  kind,   the  flap  l>eing  alternately^ 
removed   and    readjusted,   yielded   the  same  results.      It   iw  evidi^ut 
therefore,  that  when  the  electrodes,  applied  to  the  surface  of  the  onin- 
jured  brain;  cause  movements  on  tho  opposite  side  of  the  body,  this 
due  not  to  a  dilTui*ion  of  the  electric  f-iirrent  toward  the  l>ase  of  the^ 
brain,  but  to  a  nervous  stimulus  originattn;;  in  the  coDVolutiona.  and 
thence  transmitted  by  the  fibres  of  the  ivhite  substance. 

The  reality  of  the  motor  centres  in  the  cerebral  convolutions  is  eoi 
roborated  Ity  oth^r  imiJortant  facts  of  two  kinds. 

First.  The  cortiail  isubstance  of  the  rejcrion  in  question  hoa  a  sf»ecifl 

*  The  Localization  of  Cerebral  Disease.     Ixtndon,  1879,  p.  17. 
t  Centralblatt  far  die  mcdieiiiischon  Wx8«en«c'haften.     BitIIii,  June  13,  1874,  fA 
465. 

X  Boston  Medical  and  Surgical  Journal,  Julv  16,  1874. 
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anatomical  structure,  which  distinguishes  it  from  other  part8  of  the 
hemispheres.  In  the  investig-ations  of  Bet?.,  already  quoted  (page  419), 
it  was  found  that  in  thn  brain  of  the  dog  the  motor  region  alioul  the 
frontal  fi.ssure  waa  that  which  contained  in  it«  gray  sulisturuv  the 
"giant  pyramidal  cells,"  similar  in  size  to  the  cells  of  the  anterior 
horns  in  the  inpinal  cord,  and  exclusively  existing  in  the  cortical  layer 
of  this  part  of  the  brain.  The  microscopic  structure  of  these  convolu- 
tions ha*  therefore  an  individual  character,  corresponding  with  their 
physiological  properties. 

Secondly.  Extirpation  of  the  motor  centres  in  the  cerebral  convolu- 
tions produces  more  or  less  paralysis  of  voluntary  motion  on  tht*  oppo- 
site side  of  the  body.  This  has  been  fhown  in  experiments  on  dogs 
by  Hitzig,  Schiff,  Hermann,  and  Carville  and  Duret.* 

The  paralysis  affects  special  movements,  according  to  the  particular 
seat  of  the  lesion  ;  and  when  a  certain  spot  on  the  cerebral  convolutions 
has  been  found  by  stimulation  to  excite  inovemt^nts  of  flexion  or  exten- 
sion in  one  of  the  opposite  limbs,  its  extirpation  causes  paralysis  of 
the  same  movement.  But  the  paralysis  thus  produced  varies  in  extent 
and  duration  in  different  animals.  In  the  pigeon,  removal  of  an  entire 
hemisphere  hardly  intcrreres  with  the  nets  of  standing  or  lofoniotion. 
In  the  dog,  destruction  of  the  motor  centres  on  one  side  causes  a  par- 
tial hemiplegia,  which  has  a  distinct  effect  on  locomotion,  hut  which 
after  some  days  or  weeks  gradually  disappears,  the  animal  recovering 
his  natural  power  of  movement.  In  the  monkey,  according  to  Ferrier, 
the  hemiplegia  from  this  cause  Is  strongly  marked,  and  shows  no  indi- 
cation of  amendment ;  while  in  man,  according  to  numerous  patho- 
logical observations,  it  is  absolutely  com[)lete  and  permanent. 

This  difference  is  explained  by  supposing  that  in  the  lower  animals 
the  movement  of  the  Hnibs  in  locomotion  is  mainly  confined  to  con- 
sentaneous acts,  in  which  direct  volition  takes  a  small  share ;  while 
in  the  higher  animals,  and  especially  in  man,  the  influence  of  imme- 
diate volitional  impulses  is  more  essential,  and  preponderates  in 
importance,  according  to  the  numlK-r  and  variety  of  the  muscular 
actions. 

In  man,  the  motor  region  of  the  cerebral  hemispheres  comprises  in 
general  terms  the  convohUions  abrtut  (he.  fissure  of  Bnlando,  and  esp«^- 
cially  the  anterior  and  posterior  ci-ntral  convolutions.  It  would  hardly 
l>e  possible  to  assume  this  from  (he  analogies  of  exteriml  configuration, 
Bince  the  comparative  size  of  tho  hemispheres  and  the  proportion  of 
their  various  parts  differ  so  widely  in  the  dog's  brain  and  that  of  man ; 
hut  it  is  made  certain  by  anatomical  and  experimental  facts,  as  well  as 
by  the  result  of  ol>servation  in  diseasf.  In  man  it  is  the  convolutions 
eurrotinding  the  fissure  of  Rolando  which  present,  like  those  of  the 
motor  region  in  the  dog's  brain,  the  special  structure  characterized  by 
the  presence  of  "  giant  pyramidal  cells,"  which  are  not  found  elsewhere. 


•  Archives  de  Physiologic.    Porta,  1876,  2nie  s^ie,  tome  ii.,  \>.  'ib'l. 
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Furthermore,  in  the  experiments  on  the  monkey  by  Ferrier,"  whici 
have  given  to  this  subject  a  great  extension,  the  motor  cenires  w« 
found  to  occupy  a  j^imilar  region.  In  this  animal  tho  general  form  of 
the  hemispheres  is  t<o  Biniilar  to  that  in  man  that  the  principal  fitieuraij 
and  convolutions  can  be  recognized  without  difficulty ;  and  by  gtinii 
lating  various  points  of  the  anterior  an<i  posterior  central  convoluliona 
with  others  more  or  less  closely  adjacent,  the  same  kind  of  definit 
movements  are  produced  as  in  the  dog  by  stimulation  of  the  mute 
region. 

Lastly,  in  man,  there  is  now  a  large  body  of  evidence  to  the  saint] 
effect.    It  consists  of  nuoieroiis  cases  nbserved  or  reported  by  Charcoi.f  j 
Ferrier,^  Rendu, §  und  Grasset.H  in  which  there  were  local  epileptiform^ 
convulsions  on  one  side  coexisting  with  irritation  of  the  opposite  cen- 
tral convolutions,  or  hemiplegia  caused  by  their  disorganization.     Ao>J 
cording  to  Rendu,  local  lesions  of  small  extent,  when  seated  in  tt 
motor  region,  produce  hemiplegia;  while  others  of  large  area,  some 
times  occupying  nearly  a  Avholc  lobe,  if  outside  this  region,  are  nc 
accompanied  by  paralysis.     The  hemiplegia  in  man,  resulting  from 
organization  of  the  cortex  in  the  motor  region,  h;  complete  and  perma- 
nent, and  i.s  not  associated  with  any  loss  of  sensibility. 

II.  The  centres  of  sensation  in  the  cortex  of  the  brain   have  uofc^ 
been  localized  to  the  same  extent  nor  with  the  same  certainty  as  t! 
centres  of  motion.     There  is  reason  to  believe  that  the  power  of  pel 
ceptiou  for  sensitive  impressions  in  general  has  its  seat  in  some  parti 
of  the  cerebral  cortex,  and  that  it  is  located  in  the  posterior  regionj 
of  the  hemispheres ;  since  a  loss  of  sensibility  on  the  opposite  side 
the  body,  both  in  the  higher  animals  and  in  man,  is  produced  by' 
lesions  of  the  posterior  part  of  the  internal  capsule.     According  to  the 
experiments  of  Flourens,^  all   distinct  perception,  both  general  an^ 
special,  di.sappears  in  the  pigeon  after  removal  of  both  hemispheres | 
and  after  removal  of  a  single  hemiapbere  sight  is  abolished  in  the  ej 
of  the  opposite  side. 

The  power  of  visual  perception  is  especially  located  by  Ferrier  •♦  in 
the  angular  convolution.  This  observer  found  that,  in  the  dog, 
cat,  and  the  monkey,  electrical  stimulation  of  this  convolution  cai 
rotation  of  the  eyebtills  and  sometimes  turning  of  the  head  toward 
opposite  side,  with  contraction  of  the  pupils,  a.s  if  from  a  visual  sensa- 
tion J  and  in  the  monkey  destructive  lesion.*  of  the  angular  convolution 
produced  blindness  of  the  opposite  eye,  while  vision  remained  in  the 


*  Ftinrtions  of  the  Brain.    London,  1876. 

t  Le?"""  ""•■  '•'s  Localisations  dans  len  Maladies  du  Cervean.    Pari*,  1878,  p.  It 
X  Thf  Local iint ion  of  Cerebral  Dincane.     London,  1879,  p.  42. 
^  Revue  de«  Si-ienceft  Medieales.     Paris,  1879,  tome  xiii,  p.  314- 
II  Dej«  Looalisationx  dans  lej?  Maladies  C^r^braleB.     Paris,  1880,  p.  143. 
^  Kech«rclies  Experiraeiitalea  sur  ies  Propri^t&el  lee  Foactioas  da  Systimc  Ncr* 
veux.     Paris.  1842,  pp.  m,  123. 
**  Functions  of  llie  Brain.     Londoo,  1870,  p.  180. 
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'of  the  samp  sidf.  After  unilateral  destruction  of  the  ang-ular  con- 
I  volution,  vision  returned  to  some  extent  in  the  blinded  eye  afUT 
inty-four  hours;  but  if  the  eonvolution  were  destroyed  on  both 
b!indne>*R  wa«  complete,  and  ihcrc^  was  no  rrturn  of  sight  in 
I  either  eye.  The  operation  produced  no  other  effect  than  loss  of  vision; 
9neral  flcnsibiUty  and  the  power  of  motion  being  unimpaired. 

Fui.  115. 


I 


Bx^xjr  OF  OoOi  ahflvlnf  excUlon  of  Angular  conrolutlon  ninl  two  adJiweDt  »nterior  convolntion* 
cm  Irfl  oidr.     UlindncM  uf  rigUt  rye. 

We  have  obtained  similar  results  in  tbe  dog  by  excision  of  the 
angular  convolution  on  the  right  and  left  sides  in  two  different  animals. 

Fio.  116. 


BkAlli  OF  Poo:  •howltij;  rx.tsli.ri  of  iini;uUr  roiivolutiou  and  Hiljan-nt  po««^rlnr  cooTolulion  oo 
riirlii  <>i<l<^-    BUoitnras  of  left  ere. 


In  each  case  vision  remained  perfect  in  the  eye  of  the  pame  side  with 
thfc  iiyury.  but  was  aboUt^bed  in  tlio  eye  of  the  opposite  eide.  There 
was  no  other  j)erceptible  affection  of  either  een? ibility  or  movement ; 
and  the  blindnes.«  of  the  affected  eye  was  persi.-^tent  durinicr  the  life  of 
the  animal,  contiooin/r  in  one  in.'^tance  for  over  ten  days.  It  appears 
accordingly  highly  probable  that  the  power  of  visual  perception  is 
seated  in  that  part  of  ibc  cortex  occupied  by  the  angular  convolution. 
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III.  Thero  ib  at  present  no  doubt  a^  to  the  existence  in  the  cerebr*1 
cortex  of  a  centre  of  language — that  is,  of  a  rejarion  which,  in  roaa,  pre- 
Btdes  over  the   Decessary  combinations  for   articulate  speech,     Many 
animals  have  the  power  of  communicating  with  eaih  other  by  ctr- 
tain  movements  and    soundii  in  .<uch  a  way  as  to  attract    attention, 
and  enable  them  to  act  iu  concert.     The  lan^ruapre  thus  employed  is  aj 
laajfuago  of  expression,  and  consists  in  such  modifications  of  the  low 
of  voice  or  position  of  the  limbs  as  indicate  pleasure  or  dislike,  excite-1 
ment  or  alarm,  or  a  friendly  or  hostile  disposition.     In  man   the  sanae( 
methods  are  largely  used  to  express  similar  feelingfs,  and  to  represent 
others,  nuch  as  ourprisc,  contempt,  amusement,  or  doubt,  which  do  nof^ 
seem  to  exist  in  nuinials  to  an  ap]>reciable  deirree. 

But  man  has  also  the  faculty  nf  '•"•"veying-  definite  information  by 
means  of  iirticulate  si)ecch,  iu  which  arbitrary  sounds  are  used  to  indi- 
cate special  objects,  qualities,  or  acts,  as  well  as  the  relations  between 
then.    The  power  of  using  articulate  language  for  the  expression  of 
thought  is  usually  in  proportiou  to  the  development  of  the  general' j 
intclligonce.     Ip  order  that  it  may  be  exercised,  two  faculties  must 
come  into  action,  namely,  first,  tlic  memory,  bj-  which  the  particular 
words  required  are  brought  to  the  mind ;  and,  secondly,  the  voluntary 
combination  of  movements  necossory  for  articulation.     These  acts  are 
performed,  in  health,  with  such  rapidity  that  we  are  not  conscious  of 
thom;  and  articulate  speech  seems  to  be  a  direct  sequence  of  our  inter-l 
nal  ideas.     But  pathological  cases  show  thai  either  one  or  both  of  the( 
nbovf  facuilicH  nmy  be  nlisent,  while  the  ideas  and  the  desire  to  expresa^ 
thorn  are  as  distinct  as  ever. 

This  nilt'ction  is  termed  aphasia.     It  does  not  depend  upon  a  want' 
or  confusion  of  ideas,  because  the  patient  is  often  perfectly  clear  as 
to  what    he  wishes    to    say,  although  he   cannot    say  it.      It  is  nol 
due  t<»  puralyt^is  of  the  organs  of  articulation,  since  the  tongue,  lipsJ 
and  palate  can  be  moved  for  other  purposes,  in  any  direction,  with  the! 
usual  fiicility.     It  is  an  inability  cither  to  recall  the  word  needed,  orj 
to  set  in  motion  the  nervous  actions  reijuireii  to  pronounce  it.      In  ihoj 
former  instance  it  i.s  called   "amnesic  aphasia."     The  patient  csnnol 
say  what  he  wishes,  because  he  cannot  recollect  the  word  he  want 
For  the  .same  reason  he  is  also  incapable  of  MTiting  it.     But  if  thaj 
word  whicfi  he  requires  be  pronounced  Uw  him,  he  r»<eognixes  it,  andi| 
can  n  peat  it,  though  in  a  few  .'seconds  it  has  again  escaped  him.     ThiJ 
disease  is  an  aggravated  form  of  the  condition  to  which  many  other- 
wise healthy  persnns»are  liable,  namely,  that  of  sometimes  forgetting 
a  particular  word  at   the    moment  it  is  reijiiired  for  ihse.      In    sonw 
cases  of  aphnsia  the  loss  of  power  is  so  complete   that    the   patienbl 
<ian  utter  only  two  or  three  words,  which  he  employs  indi<<Tiiiiitini»lv^ 
on  all  occasions. 

In  the  second  variety  of  the  affection  the  patient  knows  the  wur4! 
he  wants,  but  cannot  articulate  it.  Me  can,  therefore,  express  himself  j 
perfectly  well  by  writing,  but  is  unable  to  read  aloud  even  what  he  haal 
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written.  This  is  called  ''ataxic  aphasia,"  because  it  depends  upou  u 
defect  of  nervous  eombiuatiou. 

Observations  on  the  locality  of  the  centre  of  lanpuag^e  tend  to  place 
it  more  especially  in  the  contyoluHotis  mirrouvding  the  lunver  end  of  the 
fissure  of  Sylviux,  and  in  those  of  the  insula,  Broca  refers  it  to  the 
posterior  part  of  the  third  frontal  convolution,  while  others  consider  it 
as  belonging  to  the  Iroulal  lobe  in  jtreneral.  The  evidence  for  this  locnl- 
izntion  consists  in  a  uuniiier  of  instances  in  which  aphasia  has  lx;ea 
found,  on  post-mortem  examination,  to  be  accompanied  by  lesions  of 
the  brain  confined  to  the  points  indicated.  It  is  often  accompanied  by 
hemiplegia,  but  may  exist  inde|iendently  of  any  paralytic  atTection. 

According  to  the  majority  of  observers,  the  nervous  centre  for 
articulate  speech  is  seated  upon  one  side  of  the  brain  only,  and,  as 
a  rule,  in  the  left  hemiifphere.  This  conclusion  is  derived  from  the 
large  prepon<ierance  of  cases  in  which  aphasia  is  associated  with 
hemiplegia  on  the  rijrht  side  of  the  body  rather  than  on  the  left.  It 
is  si  ill  more  strongly  corrobonitcd  by  r^uch  instances  as  that  reported 
by  Bateman,*  of  chronic  left  hemiplegia  without  aphasia,  followed  in 
the  same  individual  liy  a  sudden  attack  of  right  hemiplegia  with 
aphakia.  It  is  not  supposed  that  the  two  hemispheres  are  absolutely 
different  from  each  other  in  this  respect;  but  that  the  functional 
superiority  of  the  left  aide,  in  the  production  of  language,  is  like  that 
by  which  we  are  enabled  to  use  the  right  hand  for  certain  delicate 
manipulations  of  which  the  left  i.-;  iucnpablo.  A  lesion  of  the  motor 
centres  in  the  right  hemisphere  would  paralyze  only  the  ordinury 
movements  effected  by  the  left  hand ;  but  a  lesion  of  the  same  extent 
in  the  left  hemisphere  would  further  paralyze  the  spi-cial  movements, 
like  writing  or  drawing,  for  which  wc  dejwnd  on  the  right  hand.  It 
is,  perhaps,  for  a  similar  reason  that  a  patient  with  destructive  injury 
of  the  left  hemisphere  becomes  iucapiiblo  of  language,  while  one  with 
»  corresponding  injury  on  the  right  side  is  not  affected  in  the  same 
vmy.  This  would  also  explain  the  exceptional  cases  in  which  aphasia 
coincides  with  left  hemiplegia  ;  just  as  certain  individuals  are  habitually 
left-handed,  and  would  consequently  be  rendered  incapable  of  delicate 
manipulations  by  hemiplegia  of  the  left  side. 

Hemipleijia  and  Heminnspifthesia  from  Cerebral  Leitions. — It  has 
already  been  shown  that  hemiplegia  of  the  opposite  side  of  the  lx)dy, 
without  alteration  of  sensibility,  results,  in  man,  from  destructive 
lesions  of  the  cereliral  convolutions  in  the  motor  region.  It  is  also 
known  that  hemianffisthesia,  or  loss  of  sensibility  in  one  lateral  half 
of  the  body,  moy  take  place,  without  paralysis  of  motion,  from  cerebral 
disease.  Both  these  affections  may  furthermore  be  produced  by  lesions 
limited  to  particular  parts  of  the  white  substance.  This  substance 
consists  of  tracts  conneeting  the  cortical  convolutions,  through  the 
corona  radiata  and  internal  capsule,  with  the  base  of  the  brain,  and 
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finally  with  the  peripheral  org-ans.     If  these  tracts  be?  injured  in 
part  of  tbi?ir  course,  hemiplegia,  hemianesthesia,  or  both,  may  foUoi 
as  a  consequence. 

The  Jocnlity  of  lesions  producing  hemiplegia  is  in  the  anterior 
tioTi  of  the  internal  capFulr.  In  the  experimentfl  on  tloffs  hr  Onrvil 
and  Duret,*  section  of  the  internal  capsule  in  this  region,  between  il 
caudate  nucleus  and  the  lenticular  nucleus,  was  constantly  followed 
hemiplpjfia  of  the  opposite  side  of  the  body.  In  man,  the  results 
patholoirical  oltsorvation  are  to  the  same  effect.  According:  to  Chareoi,'^ 
akhoii]erh  destructive  lesions,  limited  to  the  jarray  substanci?  of  the  cor 
striatum  or  optic  thalamus,  may  produce  symptoms  of  hemiplegia,  tl 
paralysis  in  these  instances  is  usually  incomplete  and  transitory:  ai 
is  often  to  he  referred,  in  caj=;es  of  hemorrhag-ic  efliKsion.  to  temper 
compression  of  the  internal  capsule.  On  the  other  hand,  Uvsious  cob 
fined  to  the  internal  capsule,  in  its  anterior  two-thirds,  prodace  an  o| 
site  hemiplejfia  which  is  stron^jly  marked  and  persistent,  and  nsnalll 
unaccompanied  i>y  any  loss  of  sensibility.  The  destruction  of  coot 
unity  in  the  fibros  of  the  internal  capsule  from  such  injuries  is  final,  and 
the  resulting  paralysis  is  consequently  {KTmancnt. 

The  production  of  hemianfegthesia  from  lesions  of  the  internal  cap- 
sule is  limited,  in  on  analog-ous  way,  to  its  posterior  portion.     Tl 
rep-ion  of  cortical  substance  devoted  to  the  perception  of  tactile  sen* 
tions  has  not  been  determined  to  the   general  satisfaction  of  phys 
olofrists.     But  there  is  reason  to  lielieve  that  it  is  seated  sorocwhc 
in  the  po.=5terior  portion  of  the  hemisphere;  and  there  is  no  qncstioi 
that  the  eommtinicaling-  lract.«  of  centripetal  fibres,  subservient  to 
function,  are  in  the  hinder  part  of  the  internal  capsule.     The  extrei 
posterior  border  of  this  capside  is  formed  by  the  direct  sensitive  fibi 
from  the  outer  part  of  the  crura  cerebri  already  mentioned  (page  4S 
as  described  by  Oratiolet,     In  the  experiments  of  VeyssiereJ  on  dot 
it  was  shown  that  for  the  production  of  persistent  hemiani 
from   cerebral    lesions,  it  was    indispensable   that  the  injury  iuvoli 
the  fibres  of  the  internal  capsule. 

Ac(^ording:  to  the  researches  of  Carville  and  Durct,  already  quot 
it  api>ears  that  while  a  destructive  injury  in  the  anterior  portion  of  i\ 
internal  capsule  causes  hemiplegia  without  bemianaesthesia,  a  leaion 
its  posterior  portion  is  followed  by  hemianffisthesia  without  hemipleg 
In  each  case  the  morbid  elTecta  are  produced  on  the  opposite  side 
the  body.  The  same  rule  holds  good  in  man.  According  to  Chai 
the  question  whether  a  lesion  in  the  neighborhood  of  the  cerel 
ganglia  shall  produce  loss  of  motion  or  loss  of  sensibility  depends 
which  part  of  the  internal  capsule  it  involves.  If  seated  in  thi?  anteric 
two-thirds  it  produces  hemiplegia ;  if  in  the  posterior  third,  it  is  a  hcvai 

*  Archives  de  Pbysiologie.     Paris,  1875,  2mo  B^rie,  tome  iL,  p.  352. 
t  l>«(onR  BVtT  lea  LocaliBationa  dana  lea  Maladies  du  Cenreau.     Paris,  1878,  pp^\ 
98,  99,  lOO. 

X  U^miitnieaLhfeie  de  Cause  C^^role.     Paris,  1874,  p.  73. 


THE    BRAIN, 


435 


aQGesthesia  which  re5?ults.  Hcmianfei^thesia  of  wrebral  oripn,  accord- 
ing to  the  .oaine  ohflerver,  is  charactprizptl  by  the  fact  that,  together 
with  lo8»  of  sensibility  in  the  body  and  limbs,  there  la  a  similar  insensi- 
bility in  the  intepiwnent  of  the  head  and  face,  and  in  addition  a  loss  or 
impairment  of  the  special  senses;  ta8t<*,  smell,  hearinj,;:,  and  viBion  beinff 
all  more  or  leas  affocted,  on  the  side  opposite  to  that  of  the  cerebral 
lesion.  This  will  servo  to  distin^truish  hemianajsthesia  due  to  injury 
of  the  brain  from  that  caused  by  a  lesion  of  the  spinal  cord,  in  which 
the  nnlv  -)viti|>torn  pivsent  is  lows  of  sensibility  on  one  side  of  the  body. 

The  Cerebellum. 

The  cerebellum,  thouj^^h  much  inferior  in  size  to  the  cerebrum,  con- 
sists, like  it^  of  a  folded  cortical  pray  layer  surrounding  a  central  mass 
of  white  substance.  The  cortical  layer  is  only  about  one-half  as  thick 
B6  that  of  the  cerebrum  ;  l>cing  nowhere  over  1.5  millimetre  in  thicknesH. 
But  its  convolutions  are  very  compactly  arranu:cd  in  the  form  of  thin, 
closely  adjacent  lamime;  so  that  it  contains  a  coniparatively  large 
quantity  of  gray  8ub.stAnce. 

The  cortical  layer  of  the  cerebellar  convolutions  is  penetrated  by 
fibres  from  the  interior  white  substance,  and  contains  nerve  cells 
of  various  form  and  size.  The  most  characteristic  are  flask-shaped 
Golls,  arranged  in  a  single  or  double  row ;  the  rounded  extremity 
of  each  cell  being  directed  inward,  the  pointed  extremity  outward. 
According  to  Kcilliker  and  Hente,  the  cells  usually  give  off  prolonga- 
liunB  in  two  opposite  directions;  that  which  passes  inward  toward  the 
white  substance  being  unbranched  and  resembling  the  axiiH;ylinder  of 
a  nerve  fibre,  while  that  which  passes  toward  the  surface  of  the  con- 
volution divides  into  numerous  ramifications. 

The  cerebellum  is  connected  with  the  rest  of  the  cerebro-spinal  axis, 
1st,  by  the  inferior  peduncles,  or  reslifunn  Itodies,  which  come  from 
the  posterior  and  lateral  parts  of  tho  medulla  oblongata,  to  radiate  in 
its  white  substance ;  and  2d,  by  tho  su|>erior  peduncles,  or  processus  e 
cerebello  ad  corjxtra  qtiadrigemina,  which  originate  from  the  cerebel- 
lum nearer  the  median  line  than  the  restiform  bodies,  and  thence  pass 
upward  and  forward,  joining  the  longitudinal  tracts  of  the  tuber  annu- 
lare and  crura  cerebri.  3d,  The  two  lateral  halves  of  the  cerebellum 
are  furthermore  connected  with  each  other  by  the  middle  ixyduncles, 
which  originate  from  the  >vhite  substance  on  each  side,  and  pass  forward 
and  downward  to  meet  in  front  upon  the  under  sorface  of  the  tuber 
annulare,  forming  the  arched  commissure  of  the  fHtns  Varolii. 

Fhysiological  Properties  of  (he  CereMlum. — The  general  result  of 
experimental  operations  on  the  cerelielUnu  shows  that  tho  surface  of 
this  organ  is  inexcitable  by  ordinary  means,  and  that  its  mechanical 
irritation  gives  no  evidence  of  sensibility.  Flourens,  Longet,  Vulpian, 
and  ex})orimeuters  In  general,  have  recognized  the  fact  that  neither 
sensation  nor  muscular  contractions  are  produced  by  touching  or 
wounding  its  external  gray  substance ;  while  in  its  deeper  portions 
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both  excitability  and  sensibility  become  manifest,  in  proportion  as  the, 
irritation  is  applied  nearer  the  medulla  oblongata  and  the  inferii) 
peduncles.  Furthermore,  its  removal,  either  in  part  or  in  whole,  dt 
not  esseutiallv  dimiuit^h  either  sensation  or  the  jwwer  of  movemen 
The  yensej*  remain  active,  und  the  intelligence  is  unimpaired,  provided 
the  cerebral  hemispheres  are  intact.  If  injury  of  other  adjacent  part* 
be  avoided,  the  cerebellum  may  be  extensively  wounded  or  eveu  totally 
removed  in  many  animals  without  causing  death.  One-half  or  two- 
thirds  of  its  substance  have  often  l:>een  taken  away  in  the  pigeon;  and 
in  one  of  the  experiments  of  Flourens,  a  fowl  lived  for  more  than  four 
months  after  its  complpte  extirpation. 

Aside  from  these  particulars,  experiments  consisting'  in  mutiiativm 
or  removal  of  the  cerebellum  have  yielded  very  uniform  and  strilcinir 
results,  quite  different  from  those  caused  by  injury  to  other  parts  of  the 
brain.  These  effects  were  first  described  by  Flourens,*  and  ^otw^tl^ 
standing  the  great  activity  of  research  since  that  time,  his  results  havp 
been  corroborated  in  all  essential  particulars  by  subsequent  observer?. 
They  have  been  witnessed,  by  different  observers,  in  the  pigeon,  fowl, 
duck,  turkey,  and  other  birds :  and,  among  quadrupeds,  in  tlie  dog,  the 
cat,  the  mnle.  the  rat.  and  the  guinea-pig. 

The  elfect  produced  by  partial  or  complete  destruction  of  the  cfrn* 
helium  is  a  peculiar  disorder  of  movement  in  the  body  and  limbs,  from 
want  of  harmony  in  their  muscular  action.  The  power  of  associatinir 
different  muscles,  in  sneh  n  wny  fts  to  produce  coordinated  niovc'tii- ' '- 
is  impaired  in  proportion  to  the  extent  of  injury  to  the  nervous  <••  nir. 
In  the  pigeon,  if  a  small  portion  only  of  the  cerel>ellum  be  remov<Hl. 
the  animal  exhibits  a  peculiar  uncertainty  in  the  gait,  and  in  the  move- 
ment of  the  winirs.  If  the  injury  be  more  extensive,  the  power  of 
flight  is  lost  tmd  the  bird  can  walk,  or  even  stand,  only  with  <lifficultT. 
There  is  no  actual  paralysis,  for  the  movements  of  the  liiubs  are  often 
rapid  and  energetic ;  but  there  is  a  want  of  control  over  the  muscular 
contractions,  similar  to  that  shown  by  a  man  in  a  state  of  intoxtcntion. 
The  movements  are  confused  and  blundering;  so  that  the  auintal  cannot 
direct  his  steps  to  any  particutar  spot,  nor  support  himself  in  the  air  by 
flight.     He  reels  and  tumbles,  but  can  neither  walk  nor  fly. 

The  senses  and  the  intelligence  are  at  the  same  time  unaffected,  aad 
this  causes  a  striking  dilTereiice  between  the  effects  produced  by  removal 
of  the  cerebrum  and  that  of  the  cerebellum.  If  the.se  operations  lie  doc 
upon  two  different  pigeons,  the  animal  from  which  the  cerebrura  on^ 
has  been  removed  will  remain  standing  upon  his  feet,  in  a  conditic 
complete  repose;  while  the  other,  from  which  the  cerebellum  has 
taken  away,  is  in  a  constant  state  of  agitation,  frequently  eadeavorin| 
with  violent  and  ineffectual  struggles,  to  perform  movements  which 
cannot  accompHsh. 


•Recberches   Exp^riraentale*  sar  le«  PropriAfe  et  ies  Fonctions  du  Sy 
Nerveax.     Pari?,  1842,  pp.  37,  53,  102,  133. 
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ihe  inference  from  these  pheuomcna  is  that  the  powor  of  cofirdi- 
natioD  for  voluntary  movements  resides  in  the  cerebellum,  and  is  im- 
paired by  injury  of  its  substance.  We  have  already  seen  (pa^i^e  407)  that, 
for  the  body  and  limbs,  in  the  acts  of  stouding  and  locomotion,  a 
power  of  coordination  exists  in  the  spinal  cord ;  and  that  it  apparently 
depends  on  the  integrity  of  the  ponteriur  columns,  which  serve  as  con- 
necting longitudinal  tracts  between  its  different  parts.  But  to  produce 
ftn  appreciable  disturbance  of  this  power  in  the  spinal  cord,  the  poste- 
rior columns  must  be  divided  at  several  successive  points;  thus  disas- 
sociating its  parts  from  each  other  lor  a  considerable  extent.  The 
cereVjellum  is  the  only  nervous  centre  in  which  a  single  injury  produces 
ft  want  of  coordination  for  all  voluntary  movements  whatever.  Accord- 
ing to  this  view,  it  is  a  nervotis  centre  of  highly  developed  structure, 
gtiperadded  to  the  cerebro-spinal  tracts,  for  the  loniplicatod  association 
of  their  motor  impulses.  This  association  cannot  be  proiK-rly  carried 
out  in  any  particular  part,  unless  the  corresponding  peripheral  tracts  be 
also  in  a  state  of  integrity  ;  but  it  is  in  the  gray  substance  of  the  cero- 
bellnm  that  the  nervous  coordination  is  originally  effectefl. 

Retdorniion  of  the  Conrdinatinf)  Power  in  Operated  Animals It  is 

a  remarkable  fact  that  after  the  coordinating  power  has  been  seriously 
impaired  by  partial  destruction  of  the  cerebellum,  it  may  in  some  in- 
stances be  recovered,  without  regeneration  of  the  nervous  substance. 
This  recovery  was  observed  by  Flourens  both  in  the  fowl  and  in  the 

l^pigoon,  and  has  been  seen  by  Flint*  iu  the  pigeon  after  removal  of 
about  two-thirds  of  the  cerebellum.     We  have  also  met  with  four  in- 

^•etancos  of  the  same  kind.     In  the  first,  about  two-thirds  of  the  cere- 
bellum were  taken  away  by  an  opening  in  the  posterior  part  of  the 
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ijnm.  Immediately  afterward,  the  pigeon  showed  all  the  usual 
ts  of  the  operation,  being  incapable  of  flying,  walking,  or  even  of 
fctanding  still,  but  only  reeled  and  sprawled  in  a  perfectly  helpless  man- 
ner. In  five  or  six  days  he  had  regained  a  considerable  control  over 
the  voluntjiry  movements,  and  at  the  end  of  sixteen  ilays  his  power 
of  moscular  coordination  was  so  nearly  perfect  that  its  deficiency,  if 


*  The  PhyBioiogy  of  Man  ;  Nervous  Sjfltem.    New  York,  1872,  p.  307. 
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any  existed,  was  imperceptible.     He  was  then  killed,  and  on  exuiuini 
tion  it  was  found  that  bis  cerebellum  remained  in  nearly  the  sann 
condition  as  immediately  after  the  operation  ;  about  two-thirds  of  i 
substance  beinjj  deficient,  with  no  regeneration  of  the  lost  parts.     T 
Bceompanyinp  figures  show  the  appearances  in  this  brain  as  compared 
with  that  of  a  healthy  pigeon. 

In  the  three  remaining  cases  the  quantity  of  nervoua  sabstanee 
removed  amounted  to  about  one-hnlf  of  the  cerebellum.  The  loss  of 
coordinating  power,  immediately  after  the  operation,  though  less  com- 
plete than  in  the  preceding  instance,  was  perfectly  well  marked :  and 
in  little  more  than  a  fortnight  the  animals  had  nearly  or  quite  recove 
control  of  their  motions,  so  far  as  could  be  r^een  while  they  were  and 
observation. 

It  is  evident  that  in  these  cases,  if  the  cerebellum  be  really  the  phrji 
ological  seat  of  coordinating  power,  there  are  two  distinct  effects  p 
duced  by  the  operation.    The  first  is  the  shock  due  to  the  sudden  inju 
of  the  cerebellum  as  a  whole.     This  eft'ect  is  temporary,  and  may 
recovered  from  in  time,  provided  the  animal  survive  the  imtnedial 
injury.     The  remaining  effect  is  that  due  to  lh«  loss  of  nervous  «u1k' 
stance;  and  this  effect  must  of  course  be  permanent,  unless  the  ner- 
vous matter  be  regenerated.     In  the  cases  detailed  above,  the  great 
amount  of  disturbance  seems  to  have  depended  on  the  sudden  inju 
to"  the  nervous  centre  as  a  whole ;  and  the  animals  recovered,  to 
great  extent,  their  power  of  coordination,  notwithstanding  that  from 
one-half  to  two-thirds  of  the  cerebellum  was  permanently  lost. 

The  recovery  of  a  nervous  function,  after  loss  of  substance,  is  not 
peculiar  to  the  cerebellum.       Flourens  observed  the  same  thing 
regard  to  the   cerebral    hemispheres   in  the   pigeon ;   the    percepti 
faculties  being  totally  sus|>ended  by  removal  of  a  portion  of  the  he 
spheres,  and  again  restored  after  several  days.     But  this  restorati 
only  takes  place  where  the  removal  of  the  nervous  centre  is  partial! 
and  in  the  cerebellum,  as  well  a.'-"  in  the  cerebrum,  after  complete  »xti 
pation,  the  loss  of  function  is   permanent      In   the  experiment 
Flourens,  where  a  fowl  lived  for  four  months  after  entire  removal 
the  cerebellum,  there  was  no  recovery  of  coordinating  power. 

The  recovery  of  this  power  after  partial  loss  of  the  cereljollum  may 
be  also  in  some  measure  apparent  rother  than  real.     The  animals  ma 
after  a  time,  cease  attempting  the  more  complicated  movements  of  w 
they  are  incapable,  and  confine  themselves  to  the  simpler  acts  w 
they  can  still  aeeompltsb.     A  pigeon,  furthermore,  when  confined  t*> 
the  limited  spacf  of  a  laboratory,  has  no  opportunity  for  the  many 
varied  evolutions  of  natural  flight ;  and  it  is  possible  that  he  mig 
be  permanently  incapacitated  for  such  movements,  w^hile  showing  d 
deficiency  in  the  ordinary  acts  of  standing  or  progression. 

The  same  remark  will  apply  to  certain  pathological  observations 
man,  which  have  lieen  sometimes  considered  as  neutralizing  the  rcsul 
of  experiment  on  this  subject.     These  are  mainly  cases  in  which  lesio: 
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of  the  cerebellum,  more  or  less  extensive,  have  existed  without  recorded 
disturbances  of  muscular  coordinatiou.  A  large  majority  of  these 
patients  were  confined  to  a  sick-room,  and  many  of  them  to  the  bed; 
eonsequently  there  could  be  no  opportunity  of  observing-  a  want  of 
natural  coordination  in  the  more  complicated  movements,  if  any  such 
existed.  A  patient,  sufFerinjj:  from  the  gradual  diminution  of  a  nervous 
function,  accommfKlate^  himself  to  it  by  abstaining  from  the  attempt 
to  do  what  he  knows  is  impossible,  and  endoavors  to  accomplish  his 
objects  by  other  means.  Moreover,  in  many  cases  of  disease  of  the 
cerebellum,  symptoms  of  want  of  coordinating  power  hare  been  dis- 
tinctly recorded. 

The  data  derived  from  comparative  anatomy  show  a  general  corre- 
spondence in  the  development  of  the  cerebellum  and  the  variety  of 
muscular  action.  In  (ish,  as  a  rule,  it  is  of  good  size  compared  with 
other  parts  of  the  brain  ;  and  although  direct  progression  in  this  class 
is  accomplished  by  a  comparatively  simple  mechanism,  namely,  the 
lateral  flexion  and  extension  of  the  spinal  column  with  its  expanded 
fins  and  tail,  yet  their  movements  through  the  w^ater  or  in  leaping 
out  of  it,  while  pursuing  and  taking  their  prey,  are  rapid  and  vigorous, 
and  are  promptly  varied  in  any  direction.  In  the  frog,  on  the  other 
band,  the  movements  of  progression  consist  of  little  else  than  straight- 
forward flexion  and  extension  of  the  posterior  limbs ;  and  the  cerebel- 
lum is  much  inferior  in  size  to  that  of  fishes,  forming  only  a  thin 
narrow  ribbon  of  nervous  matter  across  the  upper  part  of  the  fourth 
ventricle.  In  turtles,  locomotion  is  aocomidished  by  consentaneous 
action  of  the  anterior  and  posterior  limbs,  while  the  cerebetlum  exhibits 
a  corresponding  increase  of  development.  In  the  alligator,  whose  mo- 
tions approximate  atill  more  c'lo.sely  to  those  of  thv  ijuadrupeds,  the 
cerebellum  is  also  larger  in  proportion  to  the  remaining  parts  of  the 
brain.  In  birds,  in  quadrupeds,  and  in  man  there  is  a  very  evident 
increase  in  the  size  and  convolutions  of  the  cerebellum,  corresponding 
with  the  greater  variety  and  delicacy  of  their  movements.  These  facts 
are  not  decisive  in  dflermiuing  the  physiological  function  of  this  por- 
tion of  the  brain  ;  but  they  show  that  the  assumption  of  a  coordinating 
power  in  the  cerebellum  is  not  at  variance  with  its  comparative  anatomy. 

All  that  we  know  with  certainty,  therefore,  in  regard  to  the  cerebel- 
lum, indicates  its  close  connection  with  the  power  of  coordination.  By 
its  inferior  peduncles  it  is  in  communication  with  the  posterior  columns 
of  the  spinal  cord,  and  by  its  superior  peduncles  with  the  upper  portion 
of  the  crura  cerebri ;  and,  so  far  as  itct  function  can  be  demonstrated 
from  experiment,  it  appears  to  act  as  a  general  centre  of  combination 
for  voluntary  movement. 

The  Hedtdl&  Oblongata. 

The  medulla  oblongata  is  distinguished  from  the  spinal  cord,  of  which 
it  forma  the  direct  continuation,  by  its  expanded  form,  the  different 
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appearaDce  of  its  longitudinal  tract*,  and  especially  bv  the  rh« 
position  and  special  properties  of  its  gray  sabstance. 

The  arranjfement  of  the  gray  substance  is  one  of  the  n»Oht  char« 
istic  feature;*  of  the  medulla  oblongata.     Firf't,  it  increases  in  quantity 
ftrom  below  upward ;  and.  secondly,  it  undergoes  a  complete  alteration 
in  form  and  position.     In  the  spinal  cord  it  present*?  the  well-knowa 
figure,  ou  transverse  section,  of  a  central  mass  extending  on  each  sfidej 
into  the  anterior  and  imsttrior  liornti.     But  in  the  medulla  oblongata] 
it  recedes  into  a  back  ward  position  ;  its  iK)sterior  horns  spreading  out] 
laterally,  and  the  remainder  occupying  the  space  between  them.     Tbai 
Dosterior  median  fissure  also  becomes  shallower  and  wider  by  the  di?er-j 
gence  of  the  posterior  cohinius  ;  and  the  central  canal  approximatoe  the  I 
posterior  wall  of  the  medulla,  finally  opening  upon  its  surface  at  the 
lower  part  of  the  fourth  ventricle.     The  gray  fiubstanee  of  the  tuedalk, 
is  thus  uncovered  posteriorly,  forming  a  superficial  layer  ou  each  side 
till-  median  line,  immi-tiiatcly  beneath  the  floor  of  the  fourth  ventricle,  \ 
It  thence  e.xtcnds  forward,  without  complete  interruption,  through  th©j 
whole  length  of  the  fourth  ventricle  and  about  the  aqueduct  of  Sylvius d 
giving  origin,  at  various  points  in  this  situation,  to  the  root-fibros  of" 
all  the  cranial  nerves,  excepting  the  olfactory  and  the  optic. 

Fhysiohfjical  Properties  of  the  Medulla  Oblongata. — The  phye^in 
logical  properties  of  the  medulla  ure  more  distinctly  marked  than  Ihu.-* 
of  any  other  part  of  the  encephalic  mass.     It  is  in  a  high  de^ee  both] 
sensitive  end  excitable,  especially  in  its  posterior  portions.     Either' 
mechanical  or  galvanic  irritation  gives  rise  at  once  to  signs  of  sensa*< 
lion,  if  the  rest  of  the  brain  be  uninjured,  and  in  the  recently  killed  ani'^ 
mal  produces  convulsive  movements  of  considerable  intensity.     Thcsa' 
effects  are  due  to  irritation  of  the  longitudinal  flbre.s  connecting  tbd 
medulla  with  the  spinal  cord,  and  of  the  sensitive  and  motor  cranial| 
nerve  roots.     8ince  the  medulla  is  the  only  bond  of  nervous  coniinuni< 
cation  between  the  brain  and  tlie  apinal  cord,  its  section  at  any  poiul 
also  destroys  voluntary  motion  and  sensibility  in  the  body  and  limbs. 

Action  of  the  Medulla  Ohlonf^afa  as  a  N'ervous  Centre. — The  variouA^ 
deposits  of  gray  substance  in  the  medulla,  and  their  connection  witl 
nerves  of  widely  different  distribution  and  functions,  are  the  pecuIiarJ 
features  of  its  anatomical  structure  ;  while  its  reJkx  actions  art;  also  of  | 
a  special  and  distinctive  character. 

The  most  important  actioh  of  the  medulla  as  a  nervous  centre  is  that^ 
connected  with  respiration.     So  long  as  the  medulla  is  uninjured,  al- 
though the  cranium  be  emptied  of  all  its  other  nervous  centres,  respi- 
ration goes  on  without  essential  niodification.     But  if  the  other  parts 
of  the  brain  be  left  intact  and  the  medulla  be  destroyed,  in  any  warm-| 
blooded  animal,  all  movements  of  respiration  cease  iustantaneoasly.j 
The  circulation  still  continues  for  a  time ;  but  as  the  blood  becomeaj 
deficient  in  aeration,  it  is  gradually  retarded  and  after  several  minutes  i 
comes  to  an  end.     The  eflect  of  this  operation  upon  the  two  functioosi 
of  circulation  and  respiration  is  very  different.      The  circulation  is  J 
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mtcrrered  with  and  finally  arrt'stod  as  n  socondary  oonseqnence,  because 
the  blood  is  no  lonjrer  artoriallzt'd;  but  respiration  is  abolished  at  on«e, 
as  an  immediato  result  of  injury  to  the  medulla. 

As  the  movementfi  of  ref«piration  are  |x>rformed  by  the  consenta- 
neoua  action  of  different  musrles,  the  eftecl  of  an  injury  to  the  cerebro- 
spinal axis  will  vary  accordini^  to  its  locality.  The  respiratory  move- 
ments of  the  chest  and  abdomen  are  arrcjsted  by  section  of  the  cord 
anywhere  above  the  third  cervical  vertebra,  since  this  paralyzes  both 
the  diaphragm  and  the  intercostal  muAcles,  But  movements  of  inspi- 
ration, Himultaneous  with  those  of  the  chest  and  abdomen,  are  also 
performed  by  the  glottis ;  and  in  moBt  quadrupeds  there  is  at  the  same 
time  an  expansion  of  the  nostrils,  all  associated  with  each  other  in  the 
act  of  respiration.  If  the  spinal  cord  be  divided  at  the  third  cervical 
vertebra  the  mov^-ments  of  the  chest  and  abdomen  cease,  but  those  of 
the  glottis  and  nostrils  continue,  since  Ihe  nerves  supplying  these  parts 
are  still  in  communication  with  the  medulla  oblongata.  But  destruc- 
tion of  the  medulla  arrests  at  the  same  instant  all  movements  of  respi- 
ration, both  in  the  trunk,  the  glottis,  and  the  face. 

The  medulla  accordingly  is  a  centre  from  which  the  whole  respiratory 
apparatus  derives  its  stimulus,  and  in  man,  <|uadrupeds,  and  birds  it  is 
the  most  important  part  of  the  brain  for  the  immediate  preservation 
of  life. 

The  more  exact  location  of  the  respiratory  centre  was  investigated 
by  Flourens*  by  making  transverse  sections  of  the  medulla  at  different 
parts  of  its  length,  and  observing  the  effeet  produced.  The  result 
showed  that  such  injuries,  inflicted  just  behind  the  point  of  emergence 
of  the  pneumogastric  nerves,  destroyed  uU  the  movements  of  respira- 
tion together.  Below  this  point,  the  movements  of  the  chest  and  abdo- 
men were  stopped,  but  those  of  the  nostrils  and  glottis  continued  ;  above 
it,  the  movements  of  the  nostrils  were  arrested,  while  those  of  the 
chest  and  abdomen  went  on. 

Flourens  subsequently  f  limited  the  position  of  this  centre  still  more 
closely.  In  rabbits  it  occupies  a  space  of  about  2.5  millimetres  on  each 
Bide  the  median  Urn-,  situati-d  at  the  lower  end  of  the  fourth  ventricle, 
a  little  in  advance  of  the  divergence  of  the  posterior  pyramids,  and 
just  at  the  point  of  gray  substancx;  formed  by  the  ala  cinerea.  A 
section  of  the  medulla  at  this  spot,  with  a  double-edged  knife  only 
5  millimetres  wide,  or  its  i^erforatioQ  at  the  same  point  with  a  sharp- 
edged  canula  not  more  than  3  millimetres  in  diameter,  caused  imme- 
diate stoppage  of  respiration  ;  while  this  effect  was  not  produced  by 
similar  injuries  either  above  or  IhIuw.  This  spot,  which  contains  the 
nervous  centre  of  respiration,  corresponds,  in  man,  on  the  front  of  the 
me<Iulla  oblongata,  with  the  upper  end  of  the  decussation  of  the  ante- 


*  Recherchea  Exp^riinentales  sur  les  Propri^t^  et  les  Functions  du  SystSme  Ner- 
veox.    Paris,  1842,  pp.  196-204. 
t  Compte«  RenduB  de  rAcad&nie  dea  Sdences.    Piuri%  1858,  tome  xlvii^  p.  803. 
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rior  pyramids,  or  the  lower  extremity  of  the  olivary  bodies,  aud  is 
what  below  the  apparent  origin  of  the  pneuroogastrie  nerves. 

Respiration  aceordingrly  is  an  act  consisting  of  various  n- 
movements,  whicfi  have  tlieir  nervous  centre  in  ihe  medulla  o 
The  movements  them&ctlves  are  involuntary  in  character ;  for  altbou)?! 
those  of  the  chest  and  abdomen  may  he  for  a  short  time  increaeed 
frequency,  the  surplus  movements  thus  performed  are  not  necegaarj 
respiration,  and  soon  produce  a  fatipue  which  prevents  their  cootina 
ance.  Respiration  goes  on  with  its  natural  rhythm,  unaccompanied  by 
fiitigne,  under  the  inQuence  of  the  medulla,  from  the  moment  of  bi 
without  nt'cesejary  consciousness  of  its  existence.  If  arrested  by  vol- 
untary effort,  the  internal  stimulus  which  prompts  it  grows  gradually 
more  urgent,  until  the  wilt  can  no  longer  withstand  its  demamls;  and 
fi8  soon  as  voluntary  resistance  is  discontinued,  the  movement  recom- 
mences under  the  independent  action  of  the  medulla  oblongata. 

The  function  of  the  medulla  in  respiration  is  usually  regarded  aa  a 
refiex  act.  According  to  this  view,  its  gray  substance  is  sensitive  to. 
4  stimulus  derived  &om  the  lungs  and  other  vascular  ori^ns,  whiei 
gives  notice  of  a  commencing  deficiency  in  respiration.  This  exci 
in  the  medulla  a  motor  imi)u]se,  which  is  reflected  in  the  cenlrifug 
direction  and  calls  into  activity  the  respiratory  muscles.  In  norm 
respiration  the  reflex  action  of  the  medulla  takes  place  without  ah 
appreciable  sensation.  On  the  renewal  of  air  in  the  lungs  by  inspim- 
tiuu,  the  unconscious  demand  is  satisfied,  the  muscles  relax,  and  exp^ 
ration  follows  by  passive  collapse  of  the  lungs  and  thorax.  In  a  fe 
seconds,  aa  the  oxygen  is  consumed  aud  carbonic  acid  accumulates,  t! 
previous  condition  recurs  and  the  action  is  rei>eated  as  before,  thug 
•causing  the  rhythmieal  ulteruuting  movemeuts  of  inspiration  aud  expi- 
ration. 

The  evidence  that  the  medulla  acts  in  this  way  as  a  reflex  centre  for 
respiration  is  mainly  of  two  kinds.  First,  the  sudden  contact  of  an 
■external  stimulus,  such  as  a  dash  of  cold  water  on  the  skin,  or  the  applU 
cation  of  a  pungent  vapor  to  the  nof^irils,  eauses  almost  invariably  an 
involuntary  inspiration.  As  the  medulla  is  the  sole  nervous  centre  fofj 
respiratory  movements,  the  external  impression  in  the.se  cases  most  l* 
•conveyed  by  centrijwtal  fibres  to  its  gray  sul».stan<'e,  exciting  there  the 
special  motor  stimulus  of  respiration.  Secondly,  division  of  the  pnea 
mogastric  nerve,  an  operation  which  shuts  off  from  the  medulla  all] 
influences  derived  from  the  lungs,  cau.ses  immediate  diminution  in  ib« 
frequency  of  respiration  ;  a  result  which  may  be  explained  by  supposinjf, 
that  the  most  effective  stimulus  to  the  medulla  as  a  respiratory  centre 
is  received  from  the  hmgs  through  this  nerve. 

A  different  view  of  the  action  of  the  medulla  in  respiration  is  taken* 
by  Foster*  aud  by  Flint,!     According  to  these  writers,  the  medulla^ 


♦  Text-book  of  Physiology.     London,  1879,  p.  334. 

t  American  Jourtiul  of  iht!  Medical  ticienoes.  Phihulelphia,  1880,  vol.  txxz.,  p.  69. 
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it«s  within  itself  the  nervoTis  gtlmnluR  to  respiration,  indepen- 
'  external  impressions.  The  inimediate  cause  of  iis  uilion  is 
Attributed  by  Flint  to  a  deficiency  of  oxygenated  bUtnd  in  its  capillary 
vessels,  by  which  it  is  excited  to  momontary  activity.  The  author  yiis- 
tains  this  view  by  the  result  of  experiments  on  animals,  in  which  invol- 
untary movements  of  respiration  were  exi'ited  by  cutting  off  the  siuppjy 
of  arterial  blood  from  the  medulla  and  other  parts  of  the  encepbalon. 
But  both  these  authors  agree  iu  considering  the  medulla  as  in  some 
•way  the  indispen stable  nervous  centre  for  respiration. 

An  irregularity  in  the  tnovenients  of  respiration  is,  accordingly,  one 
of  the  most  threatening  symptoms  in  aflections  of  the  brain.  Cerebral 
apoplexy  at  the  surface  of  the  homisphere.s,  in  the  lateral  ventricles,  or 
in  the  cerebral  ganglia,  is  seldom  immediately  fatal,  however  extensive 
the  injury.  But  when  occurring  in  the  medulla  oblongata  or  its  im- 
mediate neighborhood,  it  jn'oduces  death  instantaneously  by  the  same 
mechanism  as  where  this  part  is  destroyed  by  experiment  in  animals. 
When  the  medulla  i(«  implicated,  in  man,  by  progressive  diseaj*e  or  by 
failure  of  its  nervous  functions,  the  respiratory  movements  first  affected 
are  those  of  the  face,  while  those  of  the  chest  and  abdomen  go  on  for  a 
time  as  usual.  The  cheeks  are  drawn  in  with  every  inspiration  and 
puffed  out  with  every  exi>iratiou,  the  nostrils  sometimes  participating 
in  these  abnormal  movements.  A  Ftill  more  dangerous  Hvmptoni,  which 
frequently  precedes  death,  is  an  irregular  and  hesitating  respiration, 
usually  noticeable  after  the  remaining  cerebral  functions  have  been 
already  impaired.  These  phenomena  depend  on  the  connection  between 
res])iration  and  the  medulla  as  a  nervous  centre. 

Defilnti'lion  is  also  under  the  control  of  the  medulla.  Ma^^tication 
of  the  food,  and  its  transfer  by  the  tongue  to  the  entrance  of  the  fau«es, 
are  voluntary  actions,  which  may  be  continued  or  arrested  at  will.  Bat 
when  the  food  has  pa.'ised  from  the  mouth  into  the  pharynx,  the  pro- 
cess of  deglutition,  by  which  it  is  carried  down  into  the  stomach,  ia 
reflex  and  involuntary.  Once  commenced,  it  cannot  Ijo  arrested  by 
the  will,  as  it  consists  of  muscular  contractions  following  each  other  in 
undeviating  succession,  and  receiving  their  impulse  from  the  medulla 
oblongata.  In  the  experiments  of  Flourens  and  Longet,  fowls  and 
pigeons,  after  removal  of  the  cerebral  hemispheres,  never  picked  up 
their  food  spont^ineously,  nor  even  swallowed  it  when  placed  in  the 
mouth  at  the  end  of  the  beak  ;  but  if  carried  backward  into  the  pharynx, 
it  was  at  once  «'mbraced  by  the  muscular  walls  of  this  organ,  and  car- 
ried into  the  stomach  by  a  coutinuivus  movement  of  deglutition.  This 
movement  includes,  not  only  the  associated  contraction  of  the  pharynx 
and  cesophagus,  but  also  the  stoppage  of  respiration  and  closure  of  the 
glottis,  by  which  the  fnnd  is  prevented  from  passing  into  the  larynx. 
According  to  A^ulpian,  after  all  parts  of  the  brain  have  been  removed, 
in  eats  or  guinea-pigs,  excepting  the  medulla,  swallowing  may  still  be 
accomplished  by  reflex  action ;  but  it  beronu^s  impossible  as  soon  as 
this  part  is  removed  or  eeriously  injured.     The  necessary  muscular 
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combinations   cannot  take   place,  except    under   the    influence  of  the 
medulla  aa  a  nervous  centre. 

Deglutition  may  consequently  be  performed,  in  man,  after  eonscioui 
sensibiltty  and  voluntary  power  have  disappeared.  In  compression  of 
the  brain  from  injury  or  disease,  when  the  individual  is  completely 
unconscious,  and  even  when  respiration  has  become  diminished  in 
frequency,  solid  or  liquid  food,  if  carried  into  the  upper  part  of  the 
pharynx,  may  be  successfully  swallowed  by  the  ordinary  movements. 
When  this  process  is  no  longer  possible,  or  is  accompanied  by  choking 
or  regurgitation,  it  indicates  that  the  medulla  has  become  eeriouslj 
affected,  and  that  death  is  probably  near  at  hand. 

The  medulla  is  furtherniore  connected  with  pkonation.  A  vocal 
sound  is  usually  caused  by  a  voluntary  impulse  from  the  cerebral 
hemispheres.  It  may  also  be  a  purely  emotional  act,  without  any 
reasonable  or  intelligent  motive.  But  in  both  cases  its  actual  pro^ 
duction  is  a  secondary  result,  requiring  special  nervous  combinations, 
the  immediate  centre  of  which  is  located  in  the  medulla.  This  is 
shown  by  the  fact  that  a  cry  may  still  be  produced,  under  an  irrita- 
tion applied  to  the  medtiUa,  when  the  upper  parts  of  the  encephalon 
have  been  removed.  If  a  stilet  be  introduced  into  the  cranium  of  a 
frog,  the  cerebral  hemispheres  may  l>e  broken  up  without  producing 
jiny  excitement  nf  the  vocal  organs;  but  the  contact  of  the  instru- 
ment with  the  medulla  is  often  followed  by  a  .spasmodic  cry>  Yulpian: 
has  shown  that  a  similar  olTect  may  be  produced  in  mammaliaas  by 
reflex  action,  after  removal  of  the  whole  encephalon  excepting  tb» 
medulla ;  a  cry  being  produced  each  time  the  foot  is  pinched  by  a  for- 
ceps. This  sound,  however,  gives  no  indication  of  consciousness  or 
sensibility  on  the  part  of  the  animal.  It  is  short,  abrupt,  and  moment- 
ary, and  is  repeated  only  when  the  irritation  is  again  applied  to  the 
external  parts.  After  destruction  of  the  medulla,  on  the  other  hand, 
no  vociil  sound  can  be  produced,  and  irritation  of  the  integ^meat  ta>j 
followed  only  by  the  ordinary  movement  of  the  limbs,  dependent  on.] 
reflex  action  of  the  spinal  cord. 

In  the  exercise  of  the  voice,  therefore,  the  preliminary  actions  of 
intelligence,  volition,  or  emotional  excitement  require  the  cooperatioa 
of  other  parts  of  the  encephalon ;  but  the  immediate  mechanism  by 
which  a  vocal  sound  is  produced  has  its  nervous  centre  in  the  medulla 
oblongata. 

The  medulla  oblongata,  with  the  adjoining  part  of  the  tuber  aiinu»' 
lare,  is  also  the  direct  .source  of  the  movements  of  articulatwn.     It  i»i 
the  gray  substance  of  this  region  that  gives  origin  to  the  hypoglossal 
and  facial  nerves  distributed  to  the  muscles  of  the  tongue  and  lips,  and 
to  the  motor  fibres  of  the  pneumogastric  nerve,  which  regulate  the 
condition  of  the  rima  glottidis.     Disease  or  injury  in  this  situation, 
sufficient  to  impair  nervous   action,  consiKiuently  makes  articulation  ^m 
difficult  or  impossible.     This?  aB'eetion  is  quite  di.«tinct  from  "  aphasia,**^! 
which  is  of  cerebral  origin,  and  in  whieh  the  extecoal  mechanism  of 
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8OT  is  nnaffected,  the  muscles  of  the  tongue  nnd  lips  retaining  thoir 
normal  power  of  movement.  In  dim^ase  of  the  modulla,  on  tlie  other 
hand,  the  muscular  paralysis  is  very  evident,  and  is  mainly  confined 
to  the  muscles  of  articulation  and  phonation. 

Such  a  disease  i.^  that  known  an  f/hsso-labio-lartjngeal  paralysis. 
It  IB  a  paralysis  due  to  chronit*  deg-eneration  of  the  gray  pubstauce  in 
the  medulla  oblongata,  and  affects  the  motor  nerves  of  the  tongue,  the 
face,  the  hanging  palate,  and  the  larynx.  The  first  difficulty  is  gen- 
erally noticeable  in  the  moventettts  of  the  tongue,  which  cannot  be 
applied  accurately  to  the  teeth  or  the  roof  of  the  mouth ;  the  lingual 
and  dental  consonants  Ijeing  therefore  pronounced  imperfectly  or  not 
at  all.  The  lips  are  next  affected,  so  that  they  cannot  be  brought  in 
contact  with  each  other,  and  B  and  P  are  pronouneed  like  V  or  F. 
As  the  debility  of  the  orbicularis  oris  increases,  entirely  preventing 
approximation  of  the  lips,  the  vowels  O  and  U  are  no  longer  sounded ; 
and,  by  the  continued  exaggeration  of  these  difficulties,  the  patient's 
speech  becomes  at  last  unintelligible.  Deglutition  is  also  affected,  and 
the  attempt  to  swallow  is  liable  to  cause  choking  from  imperfect  pro- 
tection of  the  rima  glottidis.  Phonation  becomes  impaired  from  debility 
of  the  laryngeal  muscles,  and  iu  advanced  cases  no  vocal  sound  can  be 
produced.  The  disease  is  uniformly  progressive,  and  usually  termi- 
nates by  atfecting  the  movements  of  respiration. 

The  medulla  oblongata  is,  accordingly,  the  seat  of  reflex  actions  con- 
nected with  the  immediate  preservation  of  life,  since  it  maintains  the 
movements  by  which  air  and  food  are  introduced  into  the  body.  It 
also  presides  over  the  muscular  combinations  concerned  in  the  voice 
and  articulation,  and  by  this  means  establishes  an  intelligible  commu- 
jiication  with  the  cxternaJ  world. 


CHAPTER    VI. 
THE   CRANIAL  IfEBVES. 

THE  cranial  nerves,  which  take  their  origin  from  the  base  of  the 
brain,  are  in  great  measure  analogous  in  anatomical  and  physio- 
logical character,  with  the  spinal  nerves.  An  exception  to  this  rule 
exists  only  in  the  three  nerves  of  special  sense,  the  olfactory,  optic,  and 
auditory,  which  are  endowed  neither  with  tactile  sensibility  nor  motor 
power,  and  which  are  connected  in  a  special  way  with  the  gray  sub- 
stance  of  the  hemispheres. 

The  remaining  cranial  nerves  are  distributed  either  to  the  integn- 
ment,  mucous  membranes,  or  muscular  tissues,  and  are  either  sensitive 
or  motor,  or  have  both  properties  combined.  Some  of  them,  like  the 
oculomotorius,  the  patheticus,  and  the  facial,  are  distinctively  motor 
in  character,  are  distributed  to  muscles,  produce  convulsive  motion  on 
being  irritated,  and,  when  injured  or  divided,  leave  the  corresponding 
parts  in  a  state  of  paralysis.  Others,'  such  as  the  trigeminus,  the 
glosso-pharyngeal,  and  the  pneumogastric,  are  sensitive  nerves,  pos- 
sessing either  an  acute  tactile  sensibility,  like  the  trigeminus,  or  one 
of  more  special  nature,  like  the  glosso-pharyngeal  and  pneumogastric. 
Like  the  posterior  roots  of  the  spinal  nerves,  they  are  provided  with  a 
ganglion  near  their  points  of  emergence  from  the  base  of  the  brain ; 
and  they  are  distributed  either  to  the  integument  or  mucous  mem- 
branes or  to  both. 

The  anatomical  similarity  between  the  cranial  and  spinal  nerves  is 
in  some  instances  very  marked.  The  fifth  pair,  or  trigeminus,  emerges 
from  the  tuber  annulare  by  two  roots,  of  w^hich  one  is  sensitive,  the 
other  motor;  the  sensitive  root  presenting  a  well  developed  ganglion, 
with  which  the  fibres  of  the  motor  root  do  not  mingle.  Beyond  the 
ganglion,  accordingly,  the  nerve  contains  both  motor  and  sensitive 
fibres,  and  is  distributed  both  to  muscles  and  to  the  integument.  The 
glosso-pharyngeal  nerve  is  joined,  beyond  its  ganglion,  by  motor  fibres 
from  the  facial ;  and  the  pneumogastric  receives  communications  from 
the  spinal  accessory  and  other  motor  nerves.  Both  sensibility  and 
motion  are  therefore  provided  for,  in  a  manner  not  essentially  dif- 
ferent, by  the  cranial  and  spinal  nerves. 

The  other  points,  both  of  difference  and  analogy,  in  the  cranial 
nerves,  relate  to  their  origin  and  distribution.  Their  apparent  origin, 
or  the  point  at  which  they  become  detached  from  the  surface  of  the 
brain,  is  not  their  real  origin ;  but  in  every  case  their  fibres  can  be 
traced  inward,  often  for  a  considerable  distance,  between  the  tracts  of 
white  substance,  until  they  reach  a  central  mass  of  gray  matter  from 
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which  they  originate,  and  which  is  called  their  "  nucleuft."  For  all 
except  the  olfactory  and  optic  nerves,  these  nuclei  of  origin  are  situ- 
ftted  along  the  floor  of  the  fourth  ventricle  or  about  the  aqueduct  of 
Sylvius. 

The  peculiarities  of  peripheral  distribution,  in  the  cranial  nerves,  are 
more  apparent  than  real  in  importance.  The  oculoniotorius,  patheti- 
ens,  and  abducens  emerge  from  the  brain  at  very  different  points,  and, 
running  forward  through  the  cranial  cavity  in  the  form  of  separate 
cords,  are  enumerated  as  three  nerves.  But  they  all  originate  from 
the  same  layer  of  gray  substance,  two  of  them,  the  oculomotorius  and 
the  pntheticus,  in  close  proximity  to  each  other ;  they  all  pass  from 
the  cranial  into  the  orbital  cjivity  by  the  sphenoidal  fissure;  and  they 
are  all  distributed  to  muscles  moving  the  eyeball.  In  a  physiological 
point  of  view,  therefore,  they  are  branches  of  a  single  nerve.  Even 
when  two  or  more  nerves  emerge  from  the  cranium  by  different  foram- 
ina, like  the  three  divisions  of  the  trigeminus,  they  are  nevertheless, 
properly  speaking,  parts  of  the  same  nerve,  if  they  have  similar  physi- 
ological properties  and  are  distributed  to  the  same  region.  It  is  the 
character  and  ultimate  destination  of  a  nerve,  and  not  its  coarse 
through  the  bones  of  the  skull,  which  determine  its  physiological 
poii!iition.  In  the  bull-frog,  as  shown  by  Wyman,*  both  the  facial 
nerve  and  the  abducens  are  given  off  as  branches  from  the  fifth  pair ; 
and  in  most  quadrupeds,  the  frontal  branches  of  the  ophthaliuie  divi- 
sion of  the  trigeminus  are  nearly  wanting,  in  accordance  with  the 
imperfect  sensibility  of  the  forehead  and  vertex. 

The  cranial  nerves  may,  therefore,  be  conveniently  arranged  in  pairs 
according  to  their  distribution  and  functions,  notwithstanding  the  inci- 
dental peculiarities  of  their  course  or  subdivision.  The  olfactory,  optic, 
and  auditory  nerves  form  a  separate  specific  group ;  while  the  remain- 
der consist  of  motor  and  sensitive  nerves,  supplying  the  muscle:>  and 
Integument  of  different  regions. 

Cbakial  Nkbves. 
yeree$  qf  Special  Serue. 
Olfactory.    2.  Optic.    3.  Auditory. 
S«n&iUre  nerre*. 


Motor  nerves. 
Oonlomotorius 
Pftlheticiis 
Abducens 
Fauial 

Small  root  of  5th  pair 
Uypoglosaa] 
Spinal  accessory 


Trigeminas. 


GloMto-pharyngeal. 
Pnenmogaatric. 


DSatiibuted  to  the 


Upper,    middle,    and 
lower  fac-Uil  repion». 

Tongnie  and  pharynx. 
Passages  of   respira- 
tion and  deglutition. 


This  division  of  the  cranial  nerves,  according  to  their  physiological 
character,  is  not  perfect  in  all  particulars.     For  while  the  hypoglossal 


'  Xervooa  Systems  of  Bana  pipiens.    Smithsonian  Inatitntion ;  Woahtngton,  1853. 
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nerve  supplier  only  the  muecles  of  the  tongue,  its  associate,  the 
pharyngeal,  sends  part  of  its  sensitive  fibres  to  the  tongue  and  par 
to  the  pharynx ;  and  while  the  trig'eminal  nerve  is  mainly  digiribut( 
to  the  extornal  parts  of  the  face,  one  of  its  deeper  branches,  the  lin^ual,^ 
is  distributed  to  the  tongue.     The  arrangement,  however,  is  Bubfitai] 
tially  correct,  and  may  serve  as  a  useful  guide  in  thf^  istudv  of  thg 
nervous  functions. 

First  Pair.    The  Olfactory  Nerves. 

What  is  called  in  man  the  "olfactory  nerve."  is  a  prismatic  extensioi 
of  gray  and  white  substance,  running  in  a  longitudinal  groove  on  tl 
Tinder  surface  of  the  anterior  cerebral  lobe,  near  the  median  lino,  ani 
terniinatiug  anteriorly  in  a  flattened  ovoid  mass  of  gray  sjubstance.  tl 
"  olfactory  bulb."     The  olfactory  bulb  rests  upon  the  cribriform  pbiel 
of  the  ethmoid  bone,  and  gives  off,  through  the  perforations  in  this 
bone,  the  nervous  filaments  supplying  the  olfactory  membrftHe  in  th« 
nasal  passages.    The  prismatic  mass  connecting  the  olfactory  bulb  witl 
the  rest  of  the  brain  is,  in  reality,  an  extension  of  the  anterior  lo>)e,  and 
forms  part  of  the  cerebral  convolutions.     In  most  quadrupeds  it 
much  larger  than  in  man,  often  enclosing  a  prolongation  of  the  lateral 
ventricle  I  and  in  size  and  structure  it  exhibits  so  close  a  re9eTn>»lanc«| 
with  the  remaining  convoluted  portion  of  the  brain,  that  it  is  properly* 
designated  as  the  "olfactory  lobe."    In  man  it  is  so  slightly  developed 
that  this  term  can  hardly  be  applied  to  it ;  but  it  nevertheless  consist^] 
partly  of  gray  substance,  and  shows  only  on  its  superficial  border 
longitudinal  striation  of  while  nubstance,  which  connects  the  olfactory] 
bulb  in  front  with  the  central  parts  of  the  brain  behind. 

The  olfactory  apparatus  consists  accordingly  of,   lat,  the  olfact 
nerves  proper,  distributed  upon  the  mucous  membrane  of  the  uppei 
part  of  the  nasal  passages,  and  connected  at  their   central   extreme 
ity  with  the  gray  aubstanee  of  the  olfactory  bulb;  2d,  the  olfactoryj 
bulbs,  situated  on  the  anterior  extremity  of  the  olfactory  lobes,  and' 
giving  origin,  as  above  described,  to  the  nerves  of  the  olfactory  mem- 
brane ;   and  3d,  the   olfactory  tracts,  that  is  the  longitudinal  bandg 
of  white  substance,  running  along  the  superficial  border  of  the  olfao>1 
tory  lobes  (commonly  called  "  olfactory  nerves  "),  toward  the  central 
parts  at  the  base  of  the  brain. 

Physiological  Propertiea  of  the  Olfactory  Nerve,-'— The  connectioa 
of  the  olfactory  nerve  with  the  sense  of  smell  is  indicated  by,  lat,  it 
anatomical  relations ;  2d,  its  comparative  development  in  different  anv 
mals;  and  3d,  the  results  of  its  injury  or  disease. 

I.  The  only  anatomical  connection  of  the  olfactory  tracts,  at  their] 
anterior  extremity,  is  with  the  olfactory  l*ulb ;  and  the  nerve  fibresj 
given  off  from  this  part  are  distributed  only  to  the  olfactory  regioi 
of  the   nasal  passages.      In  this  region  ordinary  sensibility  is  bol 
slightly  developed,  while  it  is  highlj'  endowed  with  the  sense  of  smell. | 

II.  In  animals  possessing  a  more  acute  sense  of  smell  than  man,  like 
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the  dog,  cat,  sheep,  and  moat  other  quadrupeds,  both  the  olfactory 
bulbs  and  the  olfactory  tracts  are  increased  in  a  tsimilar  ratio.  There 
is  accordingly  a  direct  correspondence  between  their  development  and 
that  of  the  special  sense  with  which  they  are  connected. 

III.  A  number  of  cases  are  quoted  by  Longet  in  which  congenita) 
abecnce  of  the  olfactory  nerves,  in  man,  was  accompanied  by  conj^nital 
incapacity  to  distinguish  odors ;  and  others  in  which  loss  of  smell  was 
observed  after  alfections  causing"  their  compression  or  destruction. 

Finally,  experimental  division  or  destruction  of  these  nerves  in  doga 
abolishes,  so  far  as  observation  can  show,  the  power  of  discriminating 
odors;  although  it  leaves  the  nasal  mucous  membrane  sensitive  to 
pungent  or  caustic  vapors.  In  the  experiments  of  Magendie,*  a  dog, 
after  destruction  of  both  olfactory  nerves,  would  disentangle  a  package 
containing  meat  when  openly  presented  to  him;  but  he  did  not  find  it, 
w^hen  placed  near  by  without  his  knowledge.  The  same  result  was 
obtained  by  Vulpianf  in  experiments  upon  hunting  dogs.  These  ani- 
mals, after  recovering  ft'om  the  immediate  efTeets  of  the  operation, 
were  kept  fasting  for  two  days,  and  then  introduced  into  an  apart- 
ment where  a  piece  of  cooked  meat  was  concealed;  but  they  were 
never  able  to  discover  it,  when  the  division  of  the  nerves  had  been 
complete.  Notwithstanding,  therefore,  the  difficulty  of  experimenting 
upon  80  obscure  a  function  as  that  of  smell,  there  is  no  doubt  that  the 
olfactory  nerves  and  bulbs  are  the  internal  organs  of  the  olfactory 
gense.  and  that  they  are  disconnected  both  with  ordinary  sensibility  and 
the  power  of  motion. 

Second  Fair.    The  Optic  Keires. 

The  optic  nerves  are  distinguished  by  their  very  prominent  decussa<- 
tion  at  the  base  of  the  brain,  where  they  present  the  appearance  of 
being  consolidated  with  each  other.  By  this  decQs.sation,  which  is 
called  the  "chiasma,"!  they  are  divided  into  two  portions.  The  optic 
nerves  proper,  situated  in  front  of  the  chiasma,  are  nearly  cylindrical 
in  form  and  consist  of  Bbres  coming  directly  from  the  retina  on  each 
side.  Behind  the  chiasma  they  are  known  as  the  "  optic  tracts,"  and 
appear  as  flattened  bands  of  nerve  fibres,  connecting  the  visual  organs 
with  the  central  parts  of  the  brain.  The  optic  tract  on  each  side,  after 
following  the  contour  of  the  crus  cerebri  in  a  backward  direction,  divides 
into  two  roots,  ad  internal  and  an  external  The  internal  root  is  con- 
nected with  the  corpus  geniculatmn  internum,  through  and  over  which 
its  fibres  pass,  continuing  their  course  upward  and  backward  until  they 
reach  the  anterior  tubercula  quadrigemina.  The  external  root,  which 
is  the  larger  of  the  two,  is  attached  to  the  corpus  geniculatum  externum. 

*  Joanial  de  Phyniologie  Eipfirimenlale  et  Fathologique.  Paris,  1825,  tome  iv^ 
p.  170. 

t  Leyons  8ur  In  Physiologic  du  Systime  Nerveux.     P&ria,  1866,  p.  882. 

X  This  term  ii*  of  Greek  origin,  and  is  derivL-d  fmiu  a  verli  which  itignifies  to  mark 
with  the  letter  x. 
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Here  some  of  its  fibres  are  connected  with  the  gnj  snbstaooe  of  tk 
ganglion  ;  while  others  pass  onward  to  their  termination  in  the  post 
nor  part  of  the  optic  thalamus.     This  represents  the  central 
tion  of  the  optic  tract;?,  as  described  by  Waj^ncr,  Henle,  aud  Hu;Lr . 
and  as  generally  accepted  by  modern  anatomists.    The  optic  tract.-  i  ■ 
accordingly  their  origin  in  three  separate  nuclei  or  deposits  of  un.^ 
substance,  namely,  1st,  the  anterior  tubercula  quadrigemiua ;    2d,  the 
corpus  genifulatum  externum;  aud  3d,  the  optic  thalamus. 

But  there  are,  beyond  tjuestion,  further  indirect  connections  bciw« 
these  nuclei  and  the  cortex  of  the  hemispheres.    Theyconsistdf  dii 
ing  filires  from  both  the  optic  thalamus  and  the  corpora  genictilat 
which,  according  to  Gratiolet,  Meyiiert,  and  Hugueuin,*  take  part 
the  formntion  of  th<^-  corona  radiata  and  pursue  their  course  toward 
posterior  part  of  the  hemispheres. 

Physiological  Properties  of  the  Optic  Nerves. — The   optic   ner 
are  nerves  of  special  sense,  and  may  lie  regarded  as  tracts  of  fibr«i' 
connecting  the  gray  matter  of  the  cerebrum  with  the  retinal  ex|Min$;ioB 
in  the  eyeball.     They  are  destitute  of  tactile  sensibility  and  conrey 
inward  only  the  impression  caused  by  luminous  rays.     In  tb- 
parts  of  the  brain  this  impression  produces  the  sensation  of  I, 
the  optic  nerves  uro  therefore  the  channels  for  the  sense  of  vlsu 
Magendie  found  in  quadrupeds  both  the  retina  and  the  optic  ner 
throughout  their  length  insensible  to  mechanical  irritation;  and. 
man,  touching  the  retina  with  a  cataract  needlo  excited  no  j-  • 
sensation.     It  has  also  been  remariied,  in  cases  of  e.xtiri>nii  it- 

eyeball,  that  section  of  the  optic  nerve  is  not  painful ;  and,  accordiuiuf 
to  Longet,  these  nerves  in  the  lower  animals  may  bo  pinchot!    :-■  '    i, 
cauterized,  divided,  or  injured  in  various  ways  mthout  can 
of  pain. 

On  the  other  hand,  their  division  at  once  produces  blindne^B.  The 
impressions  received  by  the  retina  are  no  longer  transinitted  (o  the 
central  organ,  and  the  aniraul  liecomes  insensible  to  light,  withoat  ant 
loss  of  tactile  scnsfbtlity  or  the  power  of  motion. 

Beside  their  immediate  function  in  the  perception  of  light,  the  optic 
nerves  are  the  channels  for  a  special  reflex  action  ;  namely,  that  of  the 
coniractile  m^^vements  of  the  iris. 

These  movements,  by  wbieh  the  quantity  of  light  admitted  to  the  eye 
is  regulated  by  the  size  of  the  pupil,  are  involuntary  in  character,  but 
are  due  to  impressions  conveyed  inward  by  the  optic  nerve.  The  inv 
presaion,  first  received  upon  the  retina,  passes  through  the  optic  nee 
to  the  tubercula  quadrigemiua.  Its  transforraation  into  a  motor  impal 
is  either  ace^oraplished  in  these  bodies,  or  is  commenced  in  them  and 
completed  by  transmission  to  the  nucleus  of  origin  of  the  oculomotoriu^ 
nerves.  Thus  bath  the  optic  nerves  atid  the  tubercula  qnadrigemins 
are  essential  to  the  movements  of  the  pupil  under  the  influence  of  light 
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That  this  is  a  reflex  action  is  shown  by  dividing  and  irritating  the 
optic  nerves.  Aftvr  section  of  the  nerve,  according  to  the  experiments 
of  Mayo  and  Lonpet,  upon  pigeons,  dogs,  and  rabbits,  irritation  of  it« 
peripheral  end,  that  is,  the  portion  still  connected  with  the  eyeball, 
produces  no  effect  on  the  pupil  j  but  irritation  of  its  central  portion, 
which  is  connected  with  the  brain,  at  once  causes  contraction.  On  the 
other  hand,  division  of  the  oculomotorius  nerve  paralyzes  the  iris  and 
put*  an  end  to  the  movements  of  the  pupil,  although  the  eye  may  be 
otherwise  uninjured  and  the  perception  of  light  unimpaired. 

Decussation  of  the   Optic  Nerves. — The  decussation   of  the  optic 
H  nerves,  which  in  man  und  all  vertebrate  animals  is  visible  on  euper- 
W  ficial  examination,  varies  considerably  in  its  details  in  different  classes. 
These  variations  may  be  mainly  referred  to  three  distinct  types,  gen- 
erally known  to  comparative  anatomists,  and  more  distinctly  recog- 
nized in  the  recent  investigations  of  Nicati.* 


Fio.  119. 


Pia.  120. 


IUfKRiriU    SlKriCK    OK    THE    RRM?i    OF  TIIK 

Cod.— I.  Optic  nerve  of  rittlit  I'yo.  2.  Optic 
nwTe  ot  IvtX-  «ye,  3.  USuhl  opik  tulxTil". 
4.  Ltn  optic  tubercle,  /i,  6.  C«r«br«l  IkmuI- 
•ph«r«a.    7.  MduUn  nbUmgAtji. 


ISFEBIOn  PtIRKACE  OF  TUB   BbaIN  OF  FOWt, 

— I.  opilr  iifi-vo  o(  rl^btejre.  'i.  Opilc  oArve 
of  left  eye.  J.  Ki^iht  optic  t«bcrcl«3,  4.  Lett 
Optic  t<J^>c'Ivl«.  6, 6.  CcrcbnJ  heinlspbemi. 
7.  MtMiiilln  ot)li>ag«ta. 


L  In  fishes  and  reptiles  the  optic  nerves  cross  each  other  without  com- 
mingling, SO  that  iboir  complete  decussation  is  visible  to  the  unaided 
eye.  In  many  instances,  as  in  the  cod  (Fig,  119),  each  nerve,  preserv- 
H  ing  its  cylindrical  form,  passes  either  above  or  lielow  its  fellow  to  the 
^^  eye  of  the  opposite  side.  In  others,  as  in  the  herring,  the  nerve  of  the 
right  side  passes  through  a  slit  or  fenestra  in  that  of  the  left ;  and  in 
others  still,  the  decussation  takes  place  by  several  distinct  bundles  of 
fibres  crossing  at  various  levels  above  or  below  each  other.  Through- 
out these  two  classes  it  is  plainly  evident  that  all  the  optic  fibres  com- 

*  ArchivM  de  Phyaioli^e.    Paria,  1878,  2b»  Bdrie,  tome  v.,  p.  658. 
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ing  from  one  side  of  the  brain  go  to  the  eye  of  the  opposite  side,  an 
vice  versa. 

11.  In  birds  the  optic  nerves  appear  superficinlly  to  be  united  5t  tl 
chiasma,  but  dissection  shows  that  they  are  only  broken  up  into  fa^ci 
uli  of  fibres  which,  though  interwoven  with  each  other,  remain  anatoi 
ically  distinct  (Fig-.  120).     The  fasciculi  of  each  nerve,  jronerally  eij^ 
in  nunih»T,  cross  the  median  line  at  the  point  of  deeusi>atiou,  so  tl: 
the  retina  of  each  eye  is  exclusively  supplied  with  nerve  tibres  from  tj 
opposite  side  of  the  brain.     Experiment  farthermore  shows  that  in 
pigeon,  removal  of  the  optic  tubercle  on  one  side  produces  compk 
blindness  in  the  opposite  eye. 

ill.  In  the  maninuilia,  and  in  man,  the  two  optic  nerves  are  so  inl 
mately  consolidated  at  the  chiasma,  that  the  course  of  their  r»»?poclii 
fibres  cannot  bo  determined  by  simple  inspection ^  nor  by  the  ordini 
means  of  dinsection.  but  requires  the  aid  of  hardening  fluids  and  mic 
scopic  sections.     These  methods  demonstrate  that  in  all  cases  there 
a  decuaaation  at  the  median  line.    According  to  Ilenle,  the  decassatic 
fibres,  in  man,  are  arranged  in  laminEe,  about  -^  of  a  milliraetrc 
thickness,  which  cross  above  and  below  each  other  from  side  to  sid©| 
while  in  front  and  behind  the  chiasma  sections  of  the  optic  nerve*  anfl 
tracts  present  only  the  appearance  of  longitudinal  fibres.    Ail  anatnmist 
are  agreed  that  the  greater  part  of  the  optic  fibres  decussate  in  this  waj 
at  the  chiasma.     Bat  the  majority  also  admit  that  this  decussation,  tl 
man  and  most  quadru]jeds,  is  incomplete  ;  a  portion  of  the  fibres  of  e«c 
tract,  situated  upon  its  out^cr  border,  passing  to  the  eye  of  the  same  ;*it 
while  the 'remainder  cross  at  the  chiasma,  to  the  eye  of  the  oppoeit 
Bide.     Each  eye  is  supplied,  according  to  this  view,  with  nerve  Gl 
from  the  opposite  optic  tract  and  opposite  side  of  the  brain,  and  al 
with  fibres  from  the  optic  tract  and  the  brain  on  its  own  side.     Tber 
is,  furthermore,  a  transverse  baud  of  fibres,  atlmitted  by  all  moder 
writers,  passing  across,  at  the  posterior  border  of  the  chiasms,  froi 
one  optic  tract  to  the  other.    This  band  is  the  only  port  of  the  ehiasi 
which  remains  intact  after  destruction  <jf  both  eyeballs  and  eonsef|uei 
atrophy  of  the  optic  nerves  and  tracts.    It  is  considered  as  a  tronsvci 
commissure  between  corresponding  parts  of  the  brain,  and  as  hnviii| 
no  direct  conne<-tion  with  the  sense  of  vision.     The  partial  decuseatiol 
of  the  optic  nerve,  in  man  and  the  higher  t|uadruped.s,  is  regarded  bj 
many,  and  especially  by  Henle,*  as  demonstrated  on  anatomical  grouuc 
The  possiltility  of  this  is  denied  by  others;  and  the  existence  of  dii 
fibres,  in  ad<liti(Hi  to  those  which  decussate,  is  no  doubt  largely  infer 
from  the  partial  disturbnuce-  (»f  vision  in  putliological  cai^es,  and  froj 
the  results  of  physiological  experiment,     In  birds,  as  above   Btat 
the   complete    decussation   of    the    optic    nerves   at   the    chiai'ma 
demonstrable  by  dissection ;  and  removal  of  one  optic  tubercle  c&ust 
absolute  blindness  on  the  opposite  side  without  perceptible  loss  of  stgt 


liandbuch  der  NerveiUehre  des  Menschen.     Braunschweig,  1879,  p.  389. 
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OD  the  same  side.     If  the  decussation  were  also  complete  in  quadru- 
peds, a  longitudinal  section  of  the  chiasma  at  the  median  line  would 
dii'ide  at  once  all  t  be  optic  uerve 
fibres,  and  produce  blitiduetis  of  ^° 

both  eyes.      But  Nicati*  has 
Bhowu,  by  experiments  on  cats, 

that  after  such  a  section  vision      s.  ,,  ^ 

still  exists  in  these  auinmli*  in       ^^^^^tn  ( \  u 

an  unmistakable  degree  ;  show- 
ing that  t  heeyes  receive  through 
the  optic  nerves  some  fibres 
which  have  not  crossed  the 
median  line.  From  a  compari- 
son of  the  form  and  section  sur- 
faces of  the  optic  tracts  and 
chiasma,  be  find:?  that  the  same 
conclusion  is  applicable  to  man. 
DitUurbances  of  Vision  from 
Legion  of  the  Optic  Neri'es  or 
Tracts. — There  are  certain  va- 
rieties of  partial  or  complete)  ^^  ^^ 
blindness  in  one  or  both  eyes, 
occurring  in  man,  which  are 
only  explainable  on  the  suppo- 
mtion  of  incomplete  decussa- 
tion of  the  optic  nerves.    Thev  Piaoram  or  tkr  opnc  Nioites  aito  t*ac».  in  M»n. 

J  J  ,      .  *  —1.  Len   eyeliftll.    2.  RJght  cyebuJl.    3.  S,  C-orporm 

depend    on    lesion    or    Compres-  genlc-uUU  interna.  <.  4.  Corporm  KenlcuUU  «f ernn. 

Sion  of  the  optic  fibres  at  differ-  ^-  Tubereula  quodrijromlnB.  6,6.  Conlraaof  ?i4ion  In 

-,  ^ ,     .  rt  Ibe  cerebral  hem  iipbvren. 

ent  parts  of  their  course.    Com- 
plete blindneifs  of  one  eye  is  produced  by  n  lesion  involving  the  whole 
of  one  optic  nerve,  between  the  chiaania  and  the  eyeball,  as  at  A,  Fig. 
122;  since  such  an  injury  interrupts  all  the  nerve  fibres,  from  whatever 
source,  going  to  the  retina  of  the  corresponding  eye. 

In  the  affection  known  as  hemiopia,  the  patient  sees  only  one  lateral 
half  of  objects  presented  to  his  view.  His  field  of  vision,  instead  of 
being  circular,  has  the  form  of  a  semicircle;  l)eing  divided  at  it*  mid- 
dle by  a  vertical  diameter,  on  one  side  of  which  everything  is  invisible. 
Such  a  condition  may  be  produced  by  lesions  affecting  one  of  the  optic 
tract«i  behind  the  chiasma,  as  at  B,  Fig.  122.  As  the  direct  fibres,  on 
the  outer  border  of  each  tract,  pass  to  the  external  portion  of  the  retina 
on  the  same  side,  and  the  cross  fibres  pass  to  the  internal  portion  of  the 
opposite  eye,  both  eyes  will  be  blinded  in  thi<  corresponding  half  of  the 
retina,  and  for  the  op{>osite  half  of  the  field  of  vision.  If  the  lesion 
involve  the  left  optic  tract,  as  in  Fig.  122,  the  right  latt^ral  half  of  the 
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field  of  vision  will  be  obliteruted ;  since  it  is  the  left  half  of  eftcb  retk* 
which  rcceivefi  rays  coming  from  the  right  side,  and  vice  veraa. 

On  the  other  hand  a  lesion  situated  at  the  front  of  the  ehiasma,  tail 
on  the  median  line,  as  at  C,  Fi^.  122,  will   interrupt   only  the  cros&edi 
fibres,  which  ?iupply  the  inner  portion  of  both  eyes.     This  will  prodocr 
a  hemiopia  in  which  the  left  eye  is  blind  for  the  left  half  of  the  vis 
field,  and  the  right  eye  is  blind  for  its  right  half.     The  whole  field 
vision  in  therefore  perceptible  when  both   eyes  are  used ;    but  wb« 
either  of  them  in  covered,  the  defect  becomes  apparent. 

Exactly  the  opposite  condition  ia  that  in  which  the  left  half  of  tl 
field  of  vision  is  obliterated  for  the  right  eye,  and  the  right  half  for  ll 

left  eye.  This  may  be  cai 
by  injuries  afTccting-  ^imult 
ously  the  outer  border  of 
chiasma  on  both  sides,  as  a>t 
D,  Fig.  132}  by  which  the 
rect  fibres*  poinp  to  each  rye 
inti'rnipted,  while theeross  filir* 
remain  intact.  Aecordinf; 
thi'  citations  of  Charcot,* 
these  forms  of  hemiopia  hai 
been  observed  in  company  witi 
the  corresponding  lesions. 

Lastly,  unilateral  blindt 
that   is,    blindness   of  one  g} 
(amblyopia),  may   be  product 
by  cerebral  lesions,  iudepei 
dently  of  any  injury  to  the  optii 
nerves  or  tracts.   It  has  alreadj 
l)eeu    seen    (page   430)   that 
the  dop:  unilateral  blindness, 
the  opposite   side,   may    rest 
from  destruction  of  a   portii 
of  the  cortical  layer  of  the  hei 
ljmoimoTTTfflOFTTONEHTMAKDTBAcra.-A.L©-    pphefc.     Til  man,  as  shown 
don  of  Bight  opiir  Kerre ;  biindnoiB  of  Bight  Eyo.    f  harcot.f  hemiantesthesia,  froi 

B.  Letloo  of  Left  Optic  Tnct;  hemiopU  of  left  ,      .  -     ,  .  j 

■ide.  both  ejw.     C.  LctJou  of  DocuMatlnn  Flbrea  leSIOn    Of  the    postonor    part    Of 

of  the  ChlMiii*;  internal  bemlopj*,  both  eyea.    I>,  ^),g    internal    capsule   or    conma 
n.  Double  Lraion  of  Direct  Fllnrcs ;  external  bcml-  , .    ^         .  .    ,  - 

opia, both  cy M.  radiata,    is    accompanied,    an 

rule,  by  impninoeut  of  vision 
the  opposite  eye.      This  is  no  doubt  due  to  interruption  of  the  ner 
fibres   between  the  central   terminations  of  the  optic  tract    (corpoi 
geniculata,  optic  thalamus,  and  tubercula  t|uadrigemina)  and  the  cei 
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*  Le9onft  Kur  Im  LoealirationB  duiB  lee  JUaladies  du  Cerreau. 
124,  135,  126. 
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bral  coDTolutioQs.  It  is  often  unaccompanied  by  any  perceptible  altera- 
tion in  the  tissues  of  the  eyeball  or  the  optifi  nerves. 

But  it  is  not  eaety  to  account  for  blindnest*  confined  to  the  opposite 
eye,  from  lesions  on  one  side  of  the  tiruin,  if  each  optic  tract  contains 
fibres  destined  for  both  eyes.  We  know  that  injury  of  one  optic  tract 
produces  hemiopia  in  both  eyes ;  and  the  only  plaunible  explanation  of 
thia  fact  is  in  the  supposed  double  distribution  of  its'  fibres.  But  it  is 
equally  certain  that  cerebral  lesions  of  one  j^ide,  above  and  behind  the 
optic  tracts,  produce,  on  the  contrary,  blindness  in  the  opposite  eye. 
It  is  supposed  by  Charcot  that  a  supplementary  crossing  may  take  place 
behind  the  central  attachnifnt  of  the  optic  tracts,  like  that  indicated 
in  Figs.  121  and  122.  According  to  this  view  the  crossed  fibres  of  the 
right  optic  tract,  which  have  coinc  from  the  left  eye,  communicate  with 
the  right  side  of  the  brain ;  while  its  direct  fibres,  which  have  come 
from  the  right  eye,  cross  the  median  line,  perhaps  in  the  tubercula 
quadrigemina,  and  communicate  with  the  left  side  of  the  brain.  Thus 
a  region  somewhere  in  the  cortex  of  the  left  hemisphere  will  represent 
all  the  fibres  coming  from  the  right  eye,  and  a  corresponding  region 
in  the  right  hemisphere  will  represent  all  those  from  the  left  eye.  This 
hypothesis  still  leaves  some  points  of  difficulty  in  regard  to  unilateral 
blindness  and  hemiopia,  but  it  affords  the  most  rational  explanation  of 
their  principal  phenomena. 

In  birds,  the  reflex  stimulus  which  causes  contraction  of  the  pupil 
paijses,  owing  to  the  complete  decussation  of  their  nerves,  to  the  optic 
tubercle  of  the  opposite  side.  But  here,  by  the  transverse  connection 
of  the  parts,  it  becomes  duplicated ;  and  a  beam  of  light,  falling  upon 
one  retina,  will  produce  contraction  in  both  pupils.  Even  when  one 
optic  tubercle  has  l>een  removed  and  the  opposite  eye  permanently 
blinded,  both  pupils  will  contract  under  the  stimulus  of  light  falliog 
upon  the  sound  eye.  In  examining  an  eye,  therefore,  either  in  animals 
or  in  man,  to  determine  whether  it  be  sensitive  to  light,  the  opposite 
eye  should  always  l)e  covered,  in  order  to  prevent  its  exciting  a  move- 
ment by  crossed  reflex  action. 


Third  Pair.    The  Ooulomotorins. 

The  oculomotorius  nerve,  so  called  because  it  supplies  most  of  the 
muscles  moving  the  eyeball,  origitiales  from  a  collection  of  gray  sub- 
stance next  the  median  liue,  beneath  the  tubercula  quadrigemina  and 
the  aqueduct  of  Sylvius.  As  this  group  of  nerve  cells  is  continuous 
with  that  which  gives  origin  to  the  fourth  nerve  or  pathoticus,  it  is 
designated  ns  the  comwon  nuclfus  of  the  oculomotorius  and  pafheticus 
nervea.  From  this  nucleus  the  fibres  of  the  oculomotorius  pass  down- 
ward and  forward,  tbrouirh  the  crus  cerebri,  until  they  emcrire,  in  the 
form  of  several  flattont'd  bundles,  from  its  inner  border,  a  little  in  front 
of  the  pons  Varolii.  They  then  unite  into  a  rounded  cord,  which  runs 
forward  and  outward,  to  piiietrate  the  cavity  of  the  orbit  by  the 
ephenoidal  fiaeurc.     During  this  transit  the  nerve  receives  one  or  two 
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twigs  of  sensitive  fibres  from  the  trigeminus.  On  entering  the  orbit, 
it  divides  into  several  branches,  supplying  the  superior,  inferior,  and  I 
internal  straight  muscles  of  the  eye^ball,  the  inferior  oblique,  and  the 
levator  palpebrte  supurioris.  The  oeuloinotoritis  is  according)y  con- 
cerned both  in  the  vertical  and  lateral  movements  of  the  eyeball,  and 
in  those  of  rotation ;  while  of  the  two  other  muscular  nerves  of  thu 
organ,  the  ahducens  is  connected  only  with  the  movement  of  abdoo- 
tion,  the  patheticus  only  with  that  of  rotation. 

Decussation  of  the  (Jcvlomatorius  Nerve. — According  to  Meynert, 
a  decussation  takes  place  between  the  oculomotorius  nucleus  and  thft 
opposite  side  of  the  Iirain  by  fibres  crossing  the  median  line  in  the 
raphe,  near  which  the  nucleus  is  situated.     These  fibres  come  originally 
from  the  corpus  striatum,  thence  run  backward  along  the  inner  bonief] 
of  the  crus  cerebri,  and  into  the  longitudinal  lamina  forming  ihc  raphe. 
Underneath  the  aqoediict  of  Sylvius  they  decussate  at  an  acute  angle,! 
those  from  the  right  corpus  striatum  passing  to  the  nucleus  of  ib«;  left] 
side,  and  vice  versa.     Each  oculomotorius  nerve  is  therefore  in  con» 
nection  with  the  opposite  side  of  the  brain,  not  by  means  of  its  own 
fibres,  but  through  the  intervention  of  its  nucleus  and  the  fibres  which 
pass  thence,  throu^'h  the  raphe,  to  the  opposite  corpus  striatum. 

Phifsiological  Propertiefi  of  the  Ocitiomotoriua  Nerve. — The  oculo-i 
motorius  is  in  itself  an  exclusively  motor  nerve,  and  has  been  found  by 
Longet,  near  its  point  of  emergence  from  the  crus  cerebri,  insensiblej 
to  mechanical  irritation ;  but  at  some  distance  farther  forward,  aftef  j 
receiving  its  branches  of  communication  from  the  trigeminus,  it  exhibit 
a  certain  degree  of  sensibility.  Its  excitability,  on  the  contrary, 
very  manifest ;  and  its  irritation  within  the  cranial  cavity,  even  aft« 
its  separation  from  the  brain,  causes  convulsive  action  in  the  naofideft  1 
of  the  eyeball. 

The  phj^siological  function  of  this  nerve  is  shown  by  the  paraljaift, 
following  its  section  either  before  or  after  its  entrance  into  the  orbil 
Theye  results  are  for  the  most  part  simple  and  well  marked,  and 
establishod  by  the  uniform  testimony  of  various  observers.     They  con»^ 
Bist  of  the  paralysis  of  the  five  muscles  to  which  the  nerve  is  distributed, 
and  induce,  consequently, 

1.  External  strabismu^i,  from  continued  action  of  the  external 
straight  muscle  of  the  eyeball,  which  is  no  longer  antagonized  by  the 
internal. 

2.  Immohilitif  of  the  eyeball,  owing  to  the  abolition  of  its  upward, 
downward,  lateral,  and  rotatory  moTinnents.  For  althoxigh  two  o( 
the  muscles  of  the  eyeball,  namely,  the  external  rectus  and  the  superior 
oblique,  remain  uupviralyzed ;  yet,  as  they  are  no  longer  antagonizc^i 
by  the  remainder,  they  can  only  produce  n  permanent  deviation  of  the^ 
eyeball,  but  no  fjltcnirtti'  movenumt  m  different  directions.  In  most  of 
the  lower  animals  there  is  also  an  unusual  prominence  of  the  eyoboO, 
owing  to  paralysis  of  the  retractor  muscles. 

3.  Drooping  of  the  upper  eyelid.     In  the  ordinary  action  of  opening 
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the  eye,  it  is  the  upper  eyolir!  alone  which  moves,  being^  raised  to 
uncover  the  cornea  and  pujiil,  by  tho  l*^valor  paliK-brae  supcrioris.  As 
this  muscle  is  auiiuated  by  a  brunch  of  the  octiSoniotorius,  it  is  paralyzed 
by  scctiou  of  this  uerve  at  the  same  time  with  the  muscles  moving  the 
eyeball.  The  consequence  is  that  the  eye  can  no  longer  bo  fully  opened ; 
though  it  can  be  closed  as  usubI  by  the  action  of  the  orbicularis  ocuji, 
which  is  Bupplied  from  the  Ht-ventli  pair.  The  eyelid  therefore  droops, 
resting  in  such  a  jjojiition  as  to  cover  the.  upper  portion  of  the  cornea, 
and  the  greater  port  or  even  the  whole  of  the  pupil.  This  condition  is 
known  as  ptosis,  and  is  one  of  the  consequences  following  paralysis  of 
the  oculomotorius  nerve. 

The  influence  of  the  oculomotoriua  on  the  contractile  mavements  of 
the  iris  is  important,  though  less  distinct  and  uuiform  than  that 
exerted  on  the  movements  of  the  eyeball.  The  connection  of  the 
oculomotoriij;*  wilii  the  muscular  apparatus  of  the  iris  is  indirect,  tak- 
ing place  through  the  intervention  of  the  ophthalmic  ganglion,  to  which 
it  sends  a  mot^or  branch,  and  which  in  tiiru  gives  off  the  ciliary  nerves 
for  the  iris.  Some  observers  (Mayo,  Longet)  have  found  well-marked 
paralysis  nf  the  iris  following  division  of  the  oculomotorius  nerve,  and 
enumerate,  as  consequences  of  this  injury,  permanent  dilatation  and 
immobility  of  the  pupil.  In  the  exijeriments  of  Longet,  on  dogs,  rab- 
bits, and  pigeons,  irritation  of  the  cephalic  extremity  of  the  optic  nerve 
caused  contraction  of  t\w  pupil  in  both  ey«'s ;  but  after  division  of  the 
oculomotoriua  nerve  the  elTect  was  no  longer  produced  on  the  operated 
side.  Bernard  has  also  found  that  division  of  the  oculomotorius  is  fol- 
lowed, in  the  rabbit,  hj  dilatation  of  the  pupil,  and  that  in  the  operated 
rye  the  iris  contracts  only  very  slowly  and  imperfectly  under  the  influ- 
eneo  of  light.  It  is  not,  however,  completely  paralyzed,  since  it  may 
Btill  move  with  considerable  promptitude  under  the  influence  of  paituful 
impressions  conveyed  by  the  fifth  pair.  The  action  of  the  oculooio 
torius  on  the  pupil,  therefore,  is  energetic  and  constant  in  the  ordinary 
reflex  movement  of  contraction  under  the  stinmlus  of  litrht;  but  it 
takes  place  tlirough  the  ophthalmic  ganglion,  to  which  it  communi- 
cates, in  a  certain  degree,  its  motive  power. 

Pourth  Fair.  The  Pathetions. 
This  nerve  presents  certain  peculiarities,  which,  notwithstanding  its 
minute  si^ie,  have  attracted  to  it  special  attention.  It  is  distributed 
exclusively  to  the  superior  oblique  muscle  of  the  eyeball ;  its  bame  hav- 
ing been  derived  fnjui  the  erroneous  idea  that  this  muscle  turned  the 
eye  upward  and  inward.  Both  the  superior  and  inferior  oblique  mus- 
cles, however,  have  been  fully  shown  to  cause  in  the  eyel)all  a  nearly 
simple  movement  of  rotation  ai>out  its  longitudinal  axis.  They  are 
antagonistic  to  each  other ;  and  by  their  contraction  and  relaxation, 
during  movements  of  inclination  of  the  head  from  side  tQ  side,  they 
maintain  the  horizontal  planes  of  the  eyeballs  in  the  same  position. 
If  this  parallelism  were  not  preserved,  objects  would  appear  to  stand  ia 
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different  degrees  of  obliquity  to  the  two  eyes,  producing  ancertainiy 
and  double  vision. 

The  apparout  orif»'in  of  the  pntheticus  nerve  is  immediately  behind 
the  tubercula  quadrigeniina,  on   the  upper  Mirfaee  of   the   valce  i>f 
VieuH»ens,  a  thin  himina  of  white  substance,  covering  the  anterior  part 
of  the  fourth  ventricle.     The  root  fibres  of  the  nerve,  however,  can  ln« 
traced  trunsverriely  through  I  he  yubstance  of  the  valve.     According  t^ 
Ilenk'  and  Meyuert,  a  great  part  cross  the  niediau  line,  decusaating 
with  those  from  the  eorre»pondiiig  nerve  on  the  oppoBito  side ;  then, 
turning  downward  and  forward,  they  reach  a  collection  of  gray  matter 
just  behind  the  nucleus  of  the  oculomolorius  nerve,  and  continuous j 
with  it.      According  to  IIenI(%  a  portion  of  the  fibres  also  terminal*^, 
without  crossing  the  median  line,  in  the  nucleus  of  the  same  side.     TL«| 
nucleu-s  is  situated  b<^neath  the  a<iueduct  of  Sylvius  and  the  anterior! 
tubercula  quadrigemina ;  while  the  point  of  exit  of  the  nerve  is  abovej 
the  aqueduct  of  Sylvius  aud  behind  the  posterior  tuliercuJa  quadri- 
gemina.    Its  root  fibres,  accordingly,  after  leaving  their  nucleus  of 
origin,  encircle  the.  walls  of  the  aqueduct,  running  obliquely  upward 
and  backward,  and  then  crossing  the  median  line  to  their  emergenoe 
on  the  oppo.sitJi>  side. 

From  this  point,  the  nerve  passes  forward,  as  a  slender  filament,  not 
more  than  one  millimetre  in  diameter,  alou'j;'  the  upi)er  \*all  of  tho 
cavernous  sinus,  where  it  lies  in  immediate  proximity  to  the  ocqUhi 
motoriup ;  and  thence,  entering  the  cavity  of  tho  orbit  by  the  sphenoidal 
fi.^^sure,  terminates  in  the  superior  oblitiuo  muscle  of  the  eyeball. 

The  course  of  the  oculomotorius  and  patbeticus,  when  ccimpared, 
shows  a  remarkable  relation  between  the  two  nerves.  Their  fibres 
originate  from  adjacent  portions  of  the  same  nucleus.  Those  of 
the  ot'idomotorius  pass  downward  and  forward,  to  emerge  from  the 
inner  border  of  the  crus  cerebri,  at  the  base  of  the  brain;  while  thos 
of  tijo  patbeticus  pass  upward  and  backward,  emerging  from  the  valvi 
of  Vieussens,  between  the  cerebrum  and  cerebellum.  But  the  nervenl 
afterward  run  side  liy  side,  in  tht-ir  passage  toward  tho  orbit,  and  are 
finally  distributed  to  muscles  associated  lu  the  movemeuta  of  the  satu« 
organ. 

Physiological  Properties  of  the  Patbeticus  Nerve.— Tho  distribution 
of  this  nerve  to  a  muscle  which  receives  filaments  from  no  other  sourre 
indicates  in  great  measure  its  motor  charaeter,  which  is  furthcrmoiti, 
established  by  the  results  of  observation.     The  experiments  of  CI 
veau  on  the  horse  and  rabbit,  and  those  of  Longet  on  the  horse^  oj 
and  dog,  show  that  galvanization  of  this  nerve  within  the  craniui 
produces  contraction  of  the  superior  oblique  muscle,  with  rotation  of 
the  eyeball  on  its  longitudinal  axis  from  without  inward;  and  in  the 
of  Longet  there  was  also  a  deviation  of  the  pupil  outward.     In  ca 
quoted  by  Jjonget,  nttribute<l  to  paralvfiis  of  this  nerve,  in  man,  thet 
was  incapacity  of  rotation  of  the  eyeball  on  the  affected  side,  and  coi 
ijequently  double  vision,  the  image  perceived  by  the  affected  eye  beingj 
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oblique  and  inferior  in  regard  to  the  other;  but  these  disturbances  of 
vision  disappeared  when  the  head  was  inclined  toward  the  opposite  aide. 
The  patheticus  is,  aceordin^'ly,  the  motor  nerve  of  the  8U{»erior 
ublique  muscle,  and  acts  in  harmony  with  the  oealomotorios  to 
preserve  the  borizontal  plane  of  the  eyeball. 

Fifth  Fair.    The  Trigeminiu. 

The  fifth  pair  occupies,  in  every  respect,  a  prominent  place  among 
the  cranial  nerves.  It  is  the  great  sensitive  nerve  of  the  face,  being 
the  only  source  of  general  sensibility  for  the  intepument  and  mucous 
membranes  of  this  rejariou  ;  and,  by  branches  of  communication  to  the 
corresponding  motor  nerves,  it  provides  for  the  impr  rfect  sensibility 
of  the  facial  muscles.  But  while  in  its  main  portion  it  Is  preeminently 
sensitive,  it  also  possesses  motor  fibn'8,  derived  from  a  distinct  root,  and 
distributed  to  muscles  of  u  s|)eeial  group.  Before  emerging  from  the 
cranial  cavity  it  separates  into  three  main  divisions,  destined  for  the 
corresponding  regions  of  the  face ;  and  its  name,  trigeminus,  is  derived 
from  the  fact  that  in  man  these  three  primary  divisions  are  nearly 
alike  in  size  and  im]>ortance. 

The  apparent  origin  of  the  fifth  nerve  is  from  the  lateral  portion  of 
the  pons  Varolii,  where  its  two  roots  emerge  in  close  approximation 
to  oftch  other,  but  usually  separated  by  a  narrow  band  of  the  trans- 
veTBB  fibres  of  the  pons.  The  anterior  or  motor  root  is  the  smaller 
of  the  two,  l>eing  about  two  millimetres  in  diameter;  the  posterior  or 
sensitive  root  is  the  larger,  having  a  diameter  of  about  (ivr  milliiuetres. 
Both  roots  may  be  tracrd,  through  the  pons  Yarulii,  backward,  upward, 
and  inward,  to  the  gray  substance  beneath  the  anterior  part  of  the 
fourth  ventricle.  During  the  greater  part  of  this  passage  they  remain 
distinct,  but  join  each  other  above  and  become  closely  entangled  by  the 
interweaving  of  their  bundles;  though  their  fibres  rnay  still  be  distin- 
gruished,  on  microscopic  exnniinatioo.  by  the  generally  larger  size  of 
those  belonging  to  the  motor  root.  They  finally  reach  a  collection  of 
gray  substance,  the  "  trigeminal  nucleus,"  situated  next  Ix'hind  that 
of  the  oculomotorius  and  patheticus,  but  farther  outward  from  the 
median  line,  occupying  the  extreme  lateral  part  of  the  fourth  ven- 
tricle, where  its  floor  forms  an  angle  with  the  roof.  The  fibres  of  the 
nerve  terminate  partly  in  or  among  the  large,  stellate,  and  dark-colored 
cells  of  this  nucleus.  According  to  Henle,  a  portion  also  pass  through 
the  nucleus,  and  across  the  median  line  to  the  opposite  side;  the  two 
Bete  together  forming,  in  this  way,  pnrtlv  a  direct  and  partly  a  crossed 
connection  l>etween  the  peripheral  organs  and  the  nervous  centres. 

After  emerging  from  the  pons  Varolii,  the  two  roots  of  the  fifth  nerve 
pa.s»  outward  and  forward  in  comiiany  with  each  other,  the  larger,  pos- 
terior, or  .sensitive  root  being  placed  above,  the  smaller,  anterior,  or 
motor  root  underneath.  At  the  a^iex  of  the  petrous  portion  of  the 
temporal  bone,  a  little  outside  and  behind  the  posterior  clinoid  process 
of  the  sella  turcica,  the  fibres  of  the  sensitive  root  spread  out  itito  a 
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network  of  inosculating  bundles,  in  the  substance  of  the  Oasterian 
ganglion.  This  gan^^lion  forma  a  flattened,  crescentic  mass  of  gray  sub- 
stance, min)ijrl<^'<l  with  the  fibres  from  thf  sonsitiTe  root.  The  panjrlioni*' 
cells  ary  unipolar  in  form,  giviu^r  off  fibres  in  a  peripheral  direction, 
which,  according  to  Key  and  Ketzius,  nnite  with  those  of  cerebral  origin 

Fio.  123. 


DiAOBAM  OF  THK  Fimi  Nebtts  vwd  ITS  DisTRiBUTioif.— 1.  8*nritlTe  root    2,  Mol-or  mot.    R  On^ 
•eriangluigUuu.    I.  OphthnlmlcdiirisioB.    I[.  SujK'rior maxillary  <iiTlHion.    m.  Ti  "'     • 

dirislon.    4.  Suprn-nrbiUl  oprvf,  dislributeJ  to  the  iklu  of  tho  forehead,  inner 
asd  root  of  the  urrm-.    ."i,  InrriKarljllftl  norve-,  to  llio  «kiu  of  lli*'  lower  eyelid,     ..  _, 

and  skin  and  luiicnuA  tiiemlirane  of  the  u|>]mt  11}!.    ti.  Ment»l  nerve;  to  the  iuln^'nietil  of  tlia 
chin  and  (>dge  of  t\i«  luirer  Jnw,  «n<i  skin  and  miirotu  niembrKne  of  the  lower  tip.    n,  n.  External 
terminations  of  the  na«>nl  hranch  of  the  nphtbolmle  dlrlaioD',  to  the  murous  niomlfranp  of  lh*J 
inner  part  of  the  eye  and  (lie  na.sia.1  |in»sai;c4,  and  to  the  biuD,  tip,  ood  wing  of  Ihe  n<jec.    (,  T« 
pumi  iiruiieli  of  tlie  *u|M<ri"r  musilfiiry  divUicm;  io  the  »kin  of  the  reiuporol  rpgion.     m.  M*la 
bmneh  of  the(iiip<>ricir  niaxilliiry  iliri.tifin  ;  to  the  skin  of  tbecbeek  and  neixhiioriuepATtA.  b.  Kurrjl 
branrh  of  the  infiirtor  rna^xtilary  division  :  panine  alouft  the  aurface  of  (bo  hiirrinatnr  muarl^j 
and  distributed  to  tlie  tniicoas  membrane  of  the  cheek,  and  to  the  nuieoon  nirniiirane  and  »kli 
of  the  lips.    I.  LlDgual  nerre;  to  tho  nmcous  nicmbrane  of  the  anterior  two-third*  of  tlie  lonvu4 
of.  Aurlculo  t<'tii|»jrnl  Ikrancli  of  the  inferior  maxillary  diviaion  ;  to  the  skin  Of  th*  aamior  t>*>t^l 
of  the  external  ear  and  atijoeent  (emponil  ^t•^H<ln.    r,  i,  r.  MimeiiUr  branches;  to  Ihe  temporal  | 
maiHetcr,  a.ii<i  liilernsil  nnd  external  picrygold  mu»r]e».    ^.  Muscular  branch;  to  the  niylo-h; 
and  anterior  belly  of  the  diagantrlL-.    /.  Seciaitlre  timuiih  of  cominunication  to  tbe  AurUl  nerr*. 

in  the  sensitive  root.     The  motor  root  pasaes  beneath  the  ^anglioi 
as  a  distinct  bundlf,  neither  K'ivinjr  nor  receiving  any  commanicati 
fibres.     At  the  anterior  border  of  the  gtinglion,  the  nerve  8e{>aratef  i 
into  its  three  bundles,  namely,   the  first,  or  ophthalmic;  the  seooad* 
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or  superior  maxilkrj ;  and  the  third,  or  inferior  maxillary  divisions 
of  the  trigeminus. 

The  ophthalmic  dimsion  passes  throupfh  the  sphenoidal  fissure  into 
the  orbit  of  the  eye,  where  it  given  filaments  to  the  ophthalmic  ^raug'lion 
•od  to  the  eyeball ;  a  nasal  branch,  eapplying  the  integument  and 
mucoufi  membrane  of  the  inner  part  of  the  eye,  the  niueous  membrane 
of  the  middle  and  inferior  nar*al  passages,  and  the  intfjjiunciil  of  the 
root,  wing,  and  tip  of  ihi>  nose;  and  a  branch  to  the  laehryrnal  phind 
and  the  integument  of  the  upper  eyelid  and  adjaeent  region.  It  then 
emerges  from  the  orbit  by  the  supra-orbita)  notch,  and  is  distributed 
to  the  skin  of  the  forehead  and  side  of  the  head,  as;  far  back  an  the 
vertex. 

The  superior  maxilla nj  division  pa.«s^es  throutrh  the  foramen  rotun- 
dum  into  the  spheno-mttxillary  fossa,  where  it  gives  u  sensitive  branch 
to  the  wpheno-palatine  ganglion  of  the  sympathetic,  thence  through  the 
longitudinal  canal  in  the  floor  of  the  orbit,  whore  it  gives  off  a  brunch 
running  upward  and  outward  to  the  skin  of  the  mular  and  temporal 
regions,  and  numerous  descending  branches  to  the  teeth,  gums,  and 
adjacent  mneous  membrane  of  the  upper  Jaw,  and  to  that  of  the  tnfi'rior 
nasal  pa^i^ages.  It  then  enierges  upon  the  face  by  the  infra-orlntal 
foramen,  and  is  distributed  to  the  integument  of  the  lower  eyelid  aud 
the  side  of  the  nose,  and  to  the  skin  and  mucous  menibrane  of  the 
upi>er  lip. 

The  ivferior  mnxillnrif  diviitjoti  leaves  the  anterior  border  of  the 
Qasscriau  ganglion  at  a  different  angle  from  the  two  others,  passing 
almost  vertically  downward  through  the  foramen  ovale.  This  division 
receives  all  the  lihres  of  the  motor  root,  which  become  more  intimately 
united  with  it  during  its  passage  throuirh  the  base  of  the  skull.  While 
the  two  other  divisions  of  the  fifth  nerve  are  therefore  exclusively  st«n- 
silive,  the  inferior  maxillary  division  is  a  mixed  uerve,  containing  both 
motor  and  sensitive  fibres. 

After  supplying  one  or  two  filaments  to  the  otic  ganglion  of  the 
sympathetic,  and  while  passing  down  toward  the  inferior  dental  canal, 
it  gives  off  two  sen«;itive  branches,  namely,  1st.  the  buccal  (Fig.  123,  b) 
to  the  mucous  membrane  of  the  elicek,  and  the  skin  and  nmcotis  mem- 
brane of  the  lips;  and  2d,  the  anriculo-tempornl  branch  (at),  wliich 
tarns  backwanl  and  upward,  to  be  distributed  to  the  integument  of 
the  anterior  wall  of  the  external  auditory  meatus,  the  anterior  |Mirt 
of  the  external  car,  and  the  adjacent  temporal  region.  From  this 
branch  a  twig  of  considerable  size  (/*)  turns  forward  to  join  the  facial 
nerve,  communicating  to  its  branches  in  front  of  this  point  a  }K.'rcep- 
tible  degree  of  sensibility. 

Another  sensitive  branch  of  this  portion  of  the  nerve  is  the  lintptal 
(I),  which  sends  tilaments  to  the  sulmiaxillary  glan<l.  the  sympathetic 
mibmaxillary  ganglion,  and  adjacent  niueous  membrane  of  the  mouth, 
and  Is  mainly  distributed  to  the  mucous  membrane  and  papill®  of  the 
tip,  edges,  and  surface  of  the  anterior  two-thirds  of  the  tongue-     The 
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motor  branches  are  those  (x,  x,  j-)  going  to  the  temporal,  masseter, 
and  two  pterygoid  muscles,  and  that  distributed  (y)  to  the  mylohyoid 
muscle  and  the  anterior  bt'll}-  of  the  digastric. 

The  remaining  portion  of  the  trigeminus  then  enters  the  dentAl  ctnul 
of  the  inferior  maxilla,  through  which  it  passes,  giving  off  filaineais  to 
the  teeth  aud  gums  of  the  lower  jaw.  It  finally  emerges  at  the  ment*l 
foramen,  and  in  distributed  in  numerous  diverging  ramifications  to  the 
integument  of  the  chin  aud  edge  of  the  under  jaw,  and  the  akin  and 
mucous  membrane  of  the  lower  lip. 

Fhysiolorfical  Properties  of  the  Fifth  Pair. — The  most  promment 
character  of  this  nerve  is  its  general  senmbihty.  The  regions  to  which 
it  is  distributed,  namely,  the  cheeks,  eyelids,  tip  of  the  nose,  lips,  an- 
terior nnres,  and  especially  the  tip  of  the  tongue,  possess  a  tactile  sen- 
Bibility  of  higher  grade  than  most  other  parts  of  the  body.  The  nerve 
itself,  together  with  its  principal  branches,  is  acutely  sensitive  to  me- 
chanical irritation,  and  will  give  rise  to  indications  of  sensibility  under 
conditions  when  the  spinal  nerves  are  nearly  or  quite  inactive. 

But  the  most  direct  and  conclusive  proof  of  the  function  of  this 
nerve  is  the  loss  of  sensibility  produced  by  its  division.  If  either 
the  infraorbital  or  the  mental  branch  be  divided  at  its  exit  from  the 
superior  or  inferior  maxilla,  tactile  sensibility  is  impaired  or  abolished 
in  the  corresponding  region  of  the  face.  A  still  more  striking  resiilt 
is  produced  by  dividing  the  entire  nerve  within  the  cranium.  This 
Operation,  which  was  first  performed  by  Magendie,  may  be  done,  npoa 
the  cat  or  the  rabbit,  by  mean.s  of  a  steel  instrument  with  a  Blender 
shank  and  a  narrow  cutting  blade  projecting  at  nearly  a  right  angle 
from  its  extremity.  The  instrument  is  introduced  in  a  horizontal  direc- 
tion through  the  squamous  portion  of  the  temporal  bone,  aud  pushed 
inward  and  forward,  with  its  blade  lying  flatwise  on  the  floor  of  the 
skull,  until  it  strikes  the  posterior  clinoid  process.  It  is  then  alightly 
withdrawn,  its  cutting  edge  turned  do^Niiward,  and  the  nerve  dtrided' 
where  it  crosses  the  petrous  portion  of  the  temporal  bone.  By  thiaj 
method  all  its  fibres  are  cut  off,  and  the  only  part  of  the  braia  Deceu»'| 
sarily  wounded  is  the  inferior  portion  of  the  temporal  lobe. 

The  immediate  effect  of  this  operation  is  a  complete  aoffisttieaia  of 
the  integument  and  mucous  membranes  about  the  face  on  the  operated 
side.  The  cornea  can  be  touched  without  exciting  any  movement  of 
the  eyelJd.H.  A  prolje  may  be  introduced  into  the  nasal  passages,  or  the 
lips  may  be  pierced  with  a  needle,  without  eliciiing  any  sign  of  sensa- 
tion on  the  part  of  the  animal.  At  the  same  time  the  power  of  motion 
in  these  parts  is  unaffected.  The  eyelids  may  he  opened  or  closed  under 
the  influence  of  visual  impressions,  and  the  movements  of  the  lips  con- 
tinue to  be  performed  in  a  nearly  natural  manner.  In  the  cat,  the  los*| 
of  sensibility  and  jwrsistence  of  the  power  of  motion  is  shown  by  irri-j 
tating  at  different  points  the  integument  of  the  externiil  ear,  which  iu 
this  animaS  has  an  acute  tactile  sensibility.  If  a  pointed  instrument 
be  brought  in  contact,  on  the  operated  side,  wiVa  the  anterior  part  of 
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the  ear,  which  is  supplied  by  fibres  from  the  third  division  of  the  fifth 
nerve,  no  effect  ia  produced.  But  if  the  same  irritation  he  applied  to 
the  back  part  of  the  car,  which  is  supplied  by  tbe  great  auricular 
nerve  from  the  cervical  plexus,  a  twitching  movement  is  at  once 
excited.  According  to  Longet,  the  most  violent  injuries,  each  as 
exsectioD  of  the  eyeball,  evulsion  of  the  hairs  about  the  lips,  ejttraction 
of  the  teeth,  or  destruction  of  the  integument  by  the  actual  cautery, 
may  be  jierfnrmed,  after  complete  division  of  the  fifth  nerve,  without 
causing  any  painful  sensation. 

The  fifth  pair  is  accordingly  the  exclusive  source  of  sensibility  in 
the  superficial  regions  of  the  face,  and  all  parts  of  the  na^l  and  bucc4il 
cavities  to  which  it  is  distributed. 

Painful  Affections  of  the  Fifth  Pair. — This  nerve  is  also  the  seat 
of  neuralgic  affections  about  the  head  and  face.  The  roost  common  of 
these  is  headache ;  which  may  be  general,  extending  over  the  whole 
forehead  and  vertex,  or  confint'd  to  one  side.  It  pften  seems  to  b«^ 
locatfd  in  the  branches  supplying  the  periosteum,  especially  of  that 
lining  the  orbit  and  the  frontal  sinuses.  Where  the  pain  is  deep-seated, 
its  location  may  Ik?  in  the  dura  mater  or  the  bones  of  the  skull ;  since 
each  division  of  the  fifth  pair,  either  before  or  immediately  after  leaving 
the  cavity  of  the  cranium,  send>i  a  ."^lender  recurrent,  hrancb  to  the  dura 
mater  and  the  cranial  bones.  That  from  the  ophthalmic  division  may 
be  traced  into  the  tentorium,  in  which  it  rumifies  as  far  as  the  sinuses 
bordering  its  attached  edge, 

T'Ktthache,  from  irritation  of  the  dental  filaments  of  the  fifth  pair,  is 
gfenerally  due  to  decay  of  the  dentine,  and  consequent  exjwsure  of  the 
tooth  pulp  to  mechanical  injury.  Neuralgia  of  the  teeth  may  also  be 
caused,  like  headache,  by  indigestion,  exposure,  or  fatigue ;  the  jiain 
existing  simultaneously  in  several  teeth,  without  morbid  alteration  of 
their  structure. 

The  most  severe  and  persistent  form  of  neuralgia  in  this  nerve  is 
f»<?  dotdovreux  ;  habituiilly  located  in  one  of  its  three  principal  divisions 
as  they  emerge  upon  the  face.  The  pain  is  usually  intermittent,  recur- 
ring in  great  severity  at  various  intervals,  and  lasting  hut  a  few  min- 
utes at  a  time.  It  is  most  frequently  seated  in  the  upper  and  middle 
regions  of  the  face,  corresponding  with  the  distribution  of  the  supra 
and  infraorbitjil  nerves. 

Lingual  Branch  of  the  Fifth  Pair. — This  branch,  known  as  the 
"lingual  nerve,"  communicates  to  the  mucous  membrane  of  the 
tongue  its  tactile  sensibility.  This  sensibility  is  highly  developed  in 
the  anterior  two-thirds  of  the  tongue,  and  nt  its  tip  is  more  acute  than 
Id  any  other  region  of  the  body.  It  disappears  completely  on  the  oper- 
ated side,  when  the  fifth  nerve  has  been  divided  within  the  cranium ; 
and  after  section  of  both  lingual  nerves,  according  to  Longet,  it  is  lost 
in  the  whole  anterior  two-thirds  of  the  organ.  The  tactile  sensibility 
of  the  tongue  is  of  great  Importance  in  man  and  many  animals,  as  an 
aid  in  mastication,  for  appreciating  the  physical  qualities  of  the  food, 
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to  perceive  when  it  is  reduced  to  the  proper  consistency  for  swallowing, 
and  to  detect  any  remnanta  left  among  folds  or  crevices  of  the  mucoui 

membrane. 

The  ling^ual  nerve  is  also  endowed  with  the  special  sensibility  of 
taste.     This  I'linction  is  difficult  to  investigate  in  animals,  owing  lo  tha 
uncertainty  of  its  indieallons,  and  the  difficulty  of  isolating  separate 
regions  of  the  cavity  of  the  mouth.     Experiments  upon  man,  which  are 
made  with  comparative  facility,  Lave  been  performed  by  Guyot,  Vei 
ni&re,  Dup^'^s,  and  Lonitrct  in  such  a  manner  as  to  leave  no  doubt  tha 
the  sense  of  taste  is  hi<^hly  developed  in  those  portions  of  the  tongufl 
exclusively  supplied   by  the  liapual   nerve.     They  consist  mainly  in"' 
applyinji;  to  different  parts  of  the  mucous  membrane  a  pellet  of  lint, 
moistened  with  a  solutiim  of  some  substance,  like  quinine  or  colocyntli^^ 
possessing  a  distinct  taste  without  irritating  qualities.    In  this  way  it 
ascertained  that  the  point,  edges,  and  upper  surface  of  the  tongue,  throupl 
out  its  anterior  two-thirds,  is  capable  of  perceiving  8enj?ations  of  ta.^te,1 
without  aid  from  other  parts  of  the  mucous  membrane.     According 
to  the  experiments  of  Bernard  and  Longet  on  animals,  division  of  the^ 
lingual  nerve  destroys  the  (acuity  of  taste  as  well  as  that  of  genen 
sensibility  in  the  corresponding  parts  of  the  tongue  ;  and  similar  obset 
rations  are  quoted  by  Henle,  after  section  of  this  nerve  in  man. 

Muscular  BrancheH  of  the  Fifth  Pair. — These  branches,  which  are 
all  given  off  from  the  inferior  maxillary  division  of  the  nerve,  are  dia 
tributed  to  ttie  temporal,  the  masseter,  and  the  external  and  interni 
pterygoid  muscles,  as  well  as  the  mylohyoid  muscle  and  the  anterior 
belly  of  the  digastric.     Thev  are  all  therefore  concerned  in  the  movi 
ments  of  mastication.    The  most  powerful  of  the  muscles  to  which  tbcj 
are  distributed,  namely,  the  temporal  and  the  masseter,  act  by  brin^ 
ing  the  teeth  of  the  lower  jaw  forcibly  in  contact  with  those  of  tl 
upper.     The  action  of  the  pterygoid  muscles  produces  a  lateral  grinc 
ing  movement,  by  which  the  trituration  of  the  food  is  accomplished: 
and  finally  those  supplied  by  the  mylohyoid  branch  act  by  opening  tb« 
jaws,  to  allow  a  repetition  of  the  former  motions.     In  different  animali 
these  movements  vary  in  relative  importance.     In  the  carnivora,  thai 
closure  of  the  jaws  preponderates  over  the  rest,  enabling  the  animali 
to  seize  and  retain  his  prey.     In  the  herbivora,  the  lateral  grinding 
movements  are  more  important  for  comminuting  the  seeds,  grains,  veg©-j 
table  fibres  and  other  hard  substances  upon  which  they  feed.     In  mi 
both  movements  exist  in  a  nearly  equal  degree. 

Anastomotic  Branches  of  the  Fifth  Pair Although  the  superior,^ 

middle,  and  inferior  regions  of  the  face  are  respectively  supplied,  in 
general,  by  tlic  thn-e  great  divi.><tons  of  this  nerve,  there  is  yet  mor 
or  less  comnumication  between  adjacent  l>ranchcs,  so  that  each  regioaj 
receives  fibres  from  different  sources.     Thus  the  infraorbital   nei 
which  sends  filaments  to  the  lower  eyelid,  inosculates  with  a  hrancl 
of  the  ophthalmic  divisinn.     The  integument  of  the  nose  is  supplier 
by  the  nasal  branches  of  the  ophthalmic  division,  and  also  by  the 
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coming  from  the  infraorbital  nerve.  The  upper  and  lower  lips  are  both 
supplied  frum  tho  infraorbital  and  mental  nerves  on  the  outside,  and 
from  the  terminal  filaments  of  the  buccal  nerve  on  the  inside ;  and  the 
temporal  rejjrion  receives  braucljes  both  from  the  superior  and  inferior 
maxillary  divisions.  A  most  important  amistomotic  branch  is  that  to 
the  facial  nerve  (Fi;L'.  123,/),  which  it  supplies  with  sensitive  filaments. 
Many  of  these  filaments  no  doubt  terminate  in  the  facial  muscles,  to 
which  they  commuuicate  a  certain  amount  of  sensibility  ;  but  there  are 
also  abundant  anastomoses  l>ftween  the  facial  nerve  and  the  fifth  near 
their  final  distribution:^,  and  certain  regions  of  the  integument  may  be 
supplied  with  sensibility  from  this  source.  The  observations  of  L'Eii^ 
vant  *  show  that  it  is  impossible,  in  man,  to  abolish  completely  the  sen- 
sibility of  any  extended  regrion  of  the  fuco  by  section  of  a  single  division 
of  the  fifth  pair;  some  di-gree  of  sensibility  still  remaining,  due  to  in- 
oeculatory  filaments  from  other  divisions  of  the  nerve,  either  directly 
or  through  the  branches  of  the  facial. 

According  to  Jit-nle,  there  is  still  a  portion  of  the  side  of  the  face 
which  may  derive  sensibility  from  the  great  auricular  nerve  of  the 
cervical  plexus ;  since  the  anterior  branch  of  this  nervo,  after  supply- 
ing the  under  part  of  the  lobe  of  the  ear,  sends  some  slendur  filaments 
forward  to  the  integument  of  the  cheeks,  in  some  instances  as  far  as 
the  neighborhood  of  the  malar  bone. 

Injiuence  of  the  Fifth  Pair  on  the  Special  Serises. — This  nerve  has 
an  important  connection  with  the  special  senses,  since  they  are  more 
or  It'ss  impaired,  and  in  some  instances  practically  destroyed,  by  its 
division  or  injury.  Its  influence,  however,  is  mainly  indirect ;  showing 
itself  for  the  most  part  by  disturliance  of  nutrition  in  the  tissues  of  the 
organ  after  the  nerve  has  In-en  cut  off".  These  effects  seem  to  depend, 
not  on  the  division  of  the  ordinary  sensitive  fibres  of  the  nerve,  but  on 
that  of  sympathetic  fibres  derived  from  the  Oasserian  ganglion,  or  sup- 
plied, through  its  branches,  to  the  organs  of  sense. 

Influencf  on  the  Senae  of  Smell The  nasal  passages  are  supplied 

by  two  different  ci'rebro-spinal  nerves,  namely,  the  olfactory  nerve, 
distributed  to  their  upper  jwrtions,  and  endowed  with  special  sensi- 
bility ;  and  the  nasal  branches  of  the  fifth  pair,  distributed  in  the  lower 
portions,  to  which  they  communicate  general  sensibility.  The  mucous 
membrane  also  contains  filaments  from  the  spheno-palatine  ganglion 
of  the  sympathetic;  which,  in  turn,  receives  its  sensitive  root  from  the 
superior  maxillary  division  of  the  fifth  pair. 

The  general  sensibility  of  the  nasal  passages  may  accordingly  remain 
after  the  sense  of  smell  has  been  destroyed.  But  if  the  fifth  pair  be 
divided,  not  only  is  general  sensibility  aVmlished  in  the  nasal  mucous 
membrane,  but  there  is  also  a  disturbunee  in  its  nutrition,  which 
destroys  the  power  of  smell.  The  membrane  becomes  swollen,  and 
the  passages  are  obstructed  by  accumuhktion  of  mucus.     According  to 
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Longet,  the  membrane  also  assumes  a  rungoas  consistency,  and  is  liable 
to  bleed  at  the  slightest  touch.  It  is  owing  to  a  similar  condition  lli»t 
the  power  of  smell  is  impaired  in  nasal  catarrh  or  induunza.  The  olfac^ 
tory  nerves  become  inactive  in  consequence  of  the  morbid  alteratioo  ia 
their  mucous  membrane  and  its  secretions. 

Influence  on  the  Sense  of  Sight. — The  anterior  parts  of  the  eye' 
are  provided  with  nerves  of  ordinary  sensibility  from  the  fifth  pair 
while  impressions  of  light  arc  transmitted  exclusively  by  the  opti 
nerve.     The  iris  and  cornea  are  furthermore  supplied   by   filaroenta 
from  the  ophthalmic  ganglion  of  the  sympathetic,  which  receives  iu 
sensitive  root  from  the  fifth  pair.     If  this  nerve  be  divided  either  ia 
front  of  or  through  the  Gasscrian  ganglion,  the  cornea  often  l)econi«s 
the  seat  of  congestion  and  ulceration,  sometimes  resulting  in  complete 
destruction  of  the  eye.     Immediately  after  the  operation  the  pupil  id 
contracted  and   the  conjunctiva  loses  its  sensibility.     At  the  end  ofl 
twenty-four  hours  the  cornea  is  opaline,  and  by  the  second  day 
coi\]unctiva  is  congested,  and  discharges  a  purulent  secretion.     As 
the   process   increases   in   intensity,  the  cornea  grows  more  opa^iui 
until  it  becomes  quite  imi>ermeable  to  light,  and  vision  is  consequentl; 
suspended.     In  some  cases  there  is  at  last  sloughing  and  perforation 
of  the  cornea  and  discharge  of  the  humors  of  the  eye ;  in  others,  aflef 
a  few  days,  the   inflamtnatory   a}>pearanccs   subside,  and  the  eye  is 
gradually  restored  to  ita  natural  condition. 

According  to  Bernard,  these  effects  are  either  retarded  or  wanting 
when  the  nerve  is  divided  behind  the  Qasserian  ganglion.  This  indi- 
cates that  its  influence  on  the  nutrition  of  the  eyeball  does  not  reside 
in  the  fibres  of  its  own  roots,  but  in  additional  filaments  derived  from 
the  ganglion. 

Infiuence  on  the  Sense  of  Taste. — The  lingual  branch  of  the  fifti 
pair  communicates  to  the  anterior  portion  of  the  tongue  both  its  gen 
aensibility  and  the  faculty  of  taste ;  both  of  which  are  abolished  by  i 
division.  It  is  probable  that  these  two  kinds  of  sensibility  reside  in 
different  nerve  fibres;  since  cases  have  been  observed  in  which  the 
sense  of  taste  is  diminished  or  lost  while  the  tactile  sensibility  of  the 
tongue  remains  unimpaired.  It  has  not  been  possible  thus  far  to  deter- 
mine the  special  source  or  location  of  the  two  functions  in  tho  lingual 
nerve ;  but  it  is  evident  that  the  exercise  of  taste  is  facilitated  by  the 
general  sensibility  of  the  tongue,  and  ia  influenced  by  the  condition 
of  the  local  circulation  and  tho  buccal  secretions.  When  the  tongQft| 
is  dry  and  coated  from  febrile  action  the  taste  is  either  abolished 
replaced  by  morbid  sensations.  It  depends  therefore  for  its  exerci 
not  only  on  the  special  st-nsibilily  of  tlie  lingual  nerve,  but  also  on 
tho  conditions  reciuisitc  for  the  integrity  of  the  mucous  membrane. 

Influence  on  (he  Sense  of  Hi-aring. — The  influence  of  the  fifth  pa 
on  the  perceptiou  of  sound  is  less  distinct  than  in  regard  to  the  otb 
special  sen.ses,  and  is  only  surmised  from  its  anatomical  relations. 
proTidea  for  the  general  sensibility  of  the  externa)  ear  by  twigs  fro: 
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its  auriculo-temporal  branch,  whuh  Riipply  the  anterior  border  of  the 
coDcba  and  the  anterior  wall  of  tho  external  auditory  meatus.  Its 
relation  with  the  deeper  parts  of  the  organ  is  estai)lishi?d  through  the 
otic  ganglion  of  the  sympathetic,  which  receives  a  few  fibres  from  its 
inferior  maxillary  division,  and  sends  a  filament  backward  to  the  plexus 
on  the  inner  siirfaee  of  the  membrane  of  the  tympanum.  This  plexus  is 
also  supplit'd  with  filaments  from  the  gan^flioaof  the  glosso-pharyngeal 
nerve ;  and  is  consequently  made  up  of  fibres  from  both  these  sourcea. 
Its  sensitive  fibres  terminate  in  the  lining  membrane  of  the  middle  ear. 
The  secretions,  both  of  this  cavity  and  of  the  external  auditory  meatus, 
are  important  for  the  preservation  of  the  integrity  of  the  parts  and  for 
the  mecbaui8m  of  audition  ;  and  a  considerable  portion  of  their  nervous 
supply  18  derived  ftom  the  fifth  pair. 

Sixth  Pair.    The  Abdnoeni. 

The  abducens  nerve,  so  called  because  it  is  distributed  to  the  single 
muscle  causing  abduction  of  the  eyeball,  originates  mainly  from  a 
deposit  of  gray  substance  on  the  floor  of  the  fourth  ventricle  near  its 
widest  part,  at  a  |)oint  corresponding  with  the  posterior  border  of  the 
pons  Varolii.  It  is  situated  ni-xt  the  median  line,  and  is  indicated 
on  each  side  by  a  longitudinal  prominence,  known  as  the  "  fasciculus 
teres.''  This  nucleus  is  designated  as  the  fomtnon  nucleus  of  the 
abducens  and  facial  nerves;  since  the  root  fibres  of  both  these  nerves 
are  traced.  Ilirnugh  homewhat  different  routes,  to  its  gray  subBtnnce. 
The  fibres  of  the  abducens,  as  shown  hy  Dean,  Meynert,  nnd  Honle, 
originate  from  the  inner  border  of  the  nucleus  without  apparent  decus- 
sation with  those  of  the  opposite  side.  They  pass  almost  directly  down- 
ward and  ftjrward,  throuirh  the  tuber  annulare,  to  their  omcTgence  at 
the  base  of  the  brain,  at  the  posterior  edge  of  the  pons  Varolii.  From 
this  point,  the  nerve,  which  is  about  two  millimetres  in  thickness,  runs 
forward,  beneath  the  pons,  passing,  in  company  with  the  oculomotorius 
and  patbeticus,  along  the  wall  of  the  cavernous  sinus  and  through  the 
sphenoidal  fissure,  to  the  cavity  of  the  orbit,  where  it  terminates  in  the 
external  t^traight  muscle  of  the  eyeball. 

Phi/ttioiogical  Projicrties  of  the  Abducent. — By  the  experiment*  of 
Longet  on  rabbits,  and  those  of  Chauveau  on  rabbits  and  horses,  the 
abducens  is  shown  to  be,  at  its  origin,  exclusively  a  motor  nerve ;  since 
its  irritation  in  thi5  region  produces  contraction  of  the  external  straight 
mnscte  of  the  eyeball,  without  any  indication  of  sensibility.  According 
to  Longet,  the  difl'ercnce  in  tliis  respect  between  the  abducens  and  the 
trigeminus  is  very  marked  ;  irritation  of  the  trigeminus  always  giving 
rise  to  signs  of  acute  sensibility,  while  that  of  the  abducens  has  no 
other  effect  than  local  muscular  contraction. 

Division  of  this  nerve  causes  internal  strabismus  from  paralysis  of 
the  external  straight  muscle,  and  loss  of  the  power  of  horizontal  rotation 
of  the  eyeball ;  while  its  vertical  movements  are  still  preserved,  owing 
to  the  continued  activity  of  the  oculomotorius  nerve.     There  are  cases 
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of  internal  strabisniuB,  in  man,  accompanied  by  the  above  ajiupiomii, 
apparently  due  to  compression  of  the  abducens  nerve  within  the  cnoial 
cavity. 

Seventh  Fair.    The  Facial. 

In  tho  innervation  of  the  extenml  parts  of  the  face,  this  dctvo  knldi 
an  equal  rank  with  the  hfth  pair,  and  may  be  ro^rded  as  complementarr 
to  it  in  physiiolojrical  endowments.  As  the  trigeminus  is  the  nerv 
sensation  for  the  integument  of  this  region,  the  facial  ii«  the  t.i 
nerve  for  its  superficiaj  muscles.  It  is  the  nerve  of  exprenwion,  bv 
which  the  features  ore  animated  Ln  their  varying  movements,  cx>rr<'. 
eponding  with  the  different  phases  of  mental  or  emotional  ftctivily. 
Although  at  itg  origin  an  exclusively  motor  nerve,  it  receives,  soon  afur 
its  emergence  from  the  cranium,  a  communicating  branch  from  the  iittb 
pair,  which  gives  to  it,  and  to  the  muscles  In  which  it  terminatei^,  a. 
certain  share  of  sensibility. 

The  facial  nerve  has  its  principal  source  in  a  collection  of  gray  sulv 
stanct',  already  described  as  giving  origin  to  tho  abducens  (pagf  407 
Tho  fibres  of   the  abducens  and  facial  nerves  ar«  given  off  frcni  I!^ 
internal  and  external  borders  respectively ;  those)  of  the  abducens  |»a.-^'  iiii: 
directly  downward  through  the  tulier  annulare,  near  the  >        " 
those  of  the  facial  Grst  passing  outward  and  then  bendii>v 
to  their  point  of  emergence  at  the  lateral  part  of  the  posterior  edge 
the  pons  Varolii. 

According  to  Dean.  Meynert,  and  llenle,  a  considerablo  portion  of  il 
root  fibres  of  the  facial  nerve  communicate,  either  directly  or  througk] 
the  nucleus,  across  the  median  line,  with  the  oppobite  side  of  the  brain. 

After  emerging  from  the  edge  nf  the  pons  Varolii,  the  facial  nerve, 
in  company  with  the  auditory,  passed  into  and  through  the  internal 
auditory  meatus.     It  thence  enters  the  aqueduct  of  Fallopius,  and.  fol- 
lowing the  course  of  this  canal  through  the  petrous  portion  of  tbc 
temporal  bone,  comes  out  at  the  stylomastoid  foramen  and  turns  forward 
upon  the  side  of  the  face.     It  spreads  out  between  the  lobnles  of  the] 
parotid  gland  in  a  number  of  branches,  which,  by  mutual  interlacement, 
form  the  welt-known  "parotid  plexus,''  or  "  jh?s  anserinus,"  of  this  nerve. < 
Its  branches  thence  diverge  upward,  forward,  and  downward,  to  thtj 
superficial  muscles  of  the  facial  region.     It  also  supplies,  by  bninehi*] 
given  olf  immediately  after  its  emergence  from  the  stylomastoid  for 
men,  the  muscles  of  the  external  ear,  as  well  as  the  stylohyoid  and  tl 
posterior  belly  of  the  digastric;  and  by  a  twig  which  descends  U)  tl 
submaxillar}'  region,  it  supplies   filaments  to  the  upper   part  of  ll 
platysma  myoides,  and  communicates  with  an  a.-^cending  branch  of  tl 
superficial  cervical  nerve  from  the  cervical  plexus. 

I'hijsiological  Properties  of  the  Facial  Nerve. — The  facial  id  sho^ 
by  the  result  of  abundant  investigations,  to  \te,  at  its  origin  and  in  i1 
main  physiological  chHraeters,  a  motor  nerve.  Not  only  is  the  ttu'ti) 
sensibility  of  the  facial  region  completely  destroyed  by  section  of  the 
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trigeminus,  thoagh  the  fodal  remain  uninjurer],  but,  according  to  both 
Magcndlc  and  Bernard,  the  trunk  of  the  fiicial,  when  irritated  at  its 
source  within  the  cranial  cavity,  exhibits  no  i^ig:n  of  tiensibilitv,  althoujjrh 
that  of  the  fifth  pair  may  Ije  at  the  same  time  perfectly  manifest.  On 
the  other  hand,  Chauvcau  has  found  that  in  the  recently  killed  animal, 
galvanization  of  the  intracranial  portion  of  the  facial  nerve  causes  con- 
traction of  the  muscles  of  the  face  and  of  the  external  ear.  The  nerve 
is  accordingly,  at  its  source,  excitable,  but  insensible. 

FiQ.  124. 


ZMaaium  or  TBK  Faciai.  Krbvk  asd  r»  DraTRTBrrioit.— I.  FaciBl  nerre  it  tti  entnmce  Into  tbe 
InUrnii  auilUory  m^atiiB,  2.  lu  exit,  at  the  stytoinaitold  foramen.  S,  4.  Temporal  and  poalerlor 
auricular  branohej,  dUtritmted  to  tbe  tnuacle^  of  the  «xlPrntU  ear  and  to  the  occipltaJI*.  5. 
Bnnehn  (o  the  fruutAlit  iquacIc.  &  Bfancfa«at«Lb«  •tytobfotd  and  digutHe  muacle*.  7.  Branches 
to  tbe  upper  part  of  tlitt  platysma  my oidca.  8.  Brancb  of  commuuicaUon  with  tbe  superficial 
eerrlcal  nurre  of  the  cervlral  pk-xus. 

Furthermore,  the  most  decisive  results  are  obtained  from  division  of 
the  facial  nerve  at  various  parts  of  its  course.  This  may  be  done,  in 
Irupcds,  at  its  point  of  exit  from  the  stylomastoid  foramen,  or, 
^practised  by  Bernard,  durinj?  its  passage  throuj^^h  the  aqueduct  of 
Pallopius,  by  a  cutting  instrument  introduced  into  the  cavity  of  the 
tympanum,  and  reaching  the  nerve  through  its  upper  wall.  This  sec- 
tion paralyzes  all  the  superficiul  muscles  of  the  face  ou  the  corresponding 
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8ide.     The  risible  effects  vary  in  the  different  facial  re^oos,  ■eeor&r 
to  the  function  of  the  paralyzed  muscles. 

Effect  on  the  Eye. — Owin^  to  paralysis  of  the  orbicularis  oenH,  Hit 
eye  on  the  affect^  side  cannot  be  closed^  aocordingr  to  Beracrl  K  »- 
mains  open  even  while  the  animal  ie  asleep.  This  depends  cm  tb»  te 
that  the  muscles  serving  to  open  and  close  the  eyelids  are  animmlcd  hf 
different  nerves;  the  levator  palpebne  superioris.  which  lifta  tlie  Vffm 
eyelid,  bein^  supplied  by  the  oculomotorius,  while  the  orbiealaris  onl 
receives  it$  filaments  from  the  facial.  In  paralysis  of  the  Caoal,  dMn- 
fore,  complete  closure  of  the  lids  is  impossible,  although  the  iniiUMMrt 
of  the  eyeball  and  pupil  are  unaffected. 

At  the  same  time  the  movement  of  winkingr  »  8Q8peDd«d  <m  tfe 
affected  side.  This  is  a  reflex  action,  caused  by  th(>  contact  of  air  vftk 
the  surface  of  the  cornea,  and  the  accumulation  of  tears  along^  tbr  edxv 
of  the  lower  eyelid.  At  short  intervalis  thb-  excites  a  momeutary  coe- 
traction  of  the  orbicularis,  by  which  the  eyelids  are  brought  togvtfaar. 
and  again  immediately  8eparBt€>d ;  thus  spreading  the  hirhrrmal  Ma»- 
tion  uniformly  over  the  cornea  and  protecting  it  from  daanccatiaB 
After  section  of  the  facial  nerve,  this  movement  ceases ;  mad  if  •  soBd 
body  be  suddenly  thruf^t  toward  the  face  of  the  animal,  thi*  eje  oe  tkt 
sound  side  in^itinctively  closes,  while  the  other  remains  opeo>  Bvta 
touching  the  cornea  on  the  operated  side  fails  to  cauif  eontrveCiba  iif 
the  eyelids,  although  the  animal  shrinks  and  the  eyeball  tonia  hi  itt 
orbit;  showing  that  sensibility  remains,  although  the  motor  powwof 
the  orbicularis  is  lost. 

Precisely  opposite  effects,  accordingly,  are  produced  by  8(«fioo  of  the 
fifth  nerve,  and  by  that  of  the  facial.  After  division  of  the  fifth,  tooeb- 
ing  the  cornea  fails  to  produce  closure  of  the  eyelids  beoanae  th»  stoi^ 
bility  of  the  surface  has  been  destroyed,  though  the  power  of  moliaa 
remains.  When  the  facial  has  been  divided,  muscular  action  i»  pMa- 
lyzed,  and  sensibility  remains  entire. 

Effect  on  the  Nostrils. — In  roan,  as  well  as  in  some  *f»»w>*1a  the 
nostrib  are  nearly  motionless  in  the  ordinary  state  of  respimtioo.  Thry 
expand,  however,  with  considerable  vigor  when  the  breathing  is  m- 
creased  in  frequency,  or  when  the  air  is  forcibly  inspired  to  assifll  Iht 
eenae  of  smell ;  and  in  many  quadrupeds  they  exhibit  re^lar  iaiOf»- 
meats  of  expansion  and  collapse,  synchronous  with  those  of  the  ebeet 
and  abdomen.  In  man,  this  action  becomes  very  marked  wheiMifcr 
the  breathing  is  hurried  or  laborious,  owing  to  mnaeuhtf'  exvrtkm  «tf 
obetruction  of  the  air-passages. 

These  movements  are  suspended  by  section  of  the  facial  chsttq.  TV 
nostrU  on  the  affected  side  becomes  flaccid,  and,  instead  of  opeaiif 
for  the  admission  of  air,  it  collapses  and  forms  an  obstrucCioa  to  Ih 
entrance.  As  the  dyspnoea  thus  induced  tends  to  accelerate  re«frfrari<w. 
the  paralyzed  nostril  is  still  farther  compre.«sed  in  inspiratioa ;  and  al 
expiration  it  is  forcibly  extruded  by  the  outgoing  current.  The  natanl 
movements  of  the  nostril  are  therefore  reversed  by  parmljsia  of  tbi 
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facial  nerve.  In  the  normal  eondition  it  expands  in  inspiration,  and 
partially  collapses  in  expiration.  But  after  section  of  the  nerve  it  col- 
lapees  in  inspiration,  and  partially  opens  in  expiration;  moving  pa^ 
eively,  like  an  inert  valve,  with  the  cbanginji^  direction  of  the  air 
current. 

Effect  on  the  Lipg.—lw  animals,  and  especially  in  the  herbivora,  the 
movements  of  the  lips  serve  mainly  for  prehension  nf  the  food ;  and  if 
they  be  paralyzed  on  both  side8,  the  con&equent  incapacity  to  introduce 
food  into  the  mouth  may  be  sufficient  to  cause  death  by  inanition.  In 
the  carnivora  the  retraction  and  elevation  of  the  lips,  by  which  the 
canine  teeth  are  uncovered,  have  a  marked  effect  on  the  exprcBsion  of 
the  face ;  and  in  most  animals,  after  division  of  the  facial  nerve,  the 
change  of  appearance  in  the  corresponding-  side,  even  in  the  quiescent 
condition,  is  disttncily  perceptible.  The  lips  are  inactive,  and  the 
corner  of  the  mouth  hangs  down  partly  open,  owing  to  paralysis  of 
the  orbicularis  oris. 

Effect  on  the  Ears.. — In  many  quadrupeds  the  external  ears  are 
more  important  than  in  man,  owing  to  their  greater  development  and 
superior  mobility.  Their  varying  position  has  great  influence  in 
modifying  the  expression ;  and  their  rapid  and  extensive  movements 
are  of  essential  aid  in  the  sense  of  hearing.  When  the  facial  nerve 
baa  been  divided,  the  ear  cm  the  corresponding  side  becomes  motion- 
less; and  if  long  and  narrow,  as  in  the  rabbit,  it  can  no  longer 
maintain  the  erect  position. 

Facial  Paralysis  in  Man. — Facial  paralyfiis,  from  dissease  involving 
the  trunk  of  the  nerve,  or  its  sources  in  tho  brain,  is  not  an  uncom- 
mon affection  in  man.  It  is  usually  confined  to  one  side,  being  limited 
by  the  median  line,  and  producing  a  diffirence  of  expression  on  the  two 
^£ide8  of  the  face.  Where  the  difhculty  is  located  in  particular  branches 
of  the  nerve,  certain  portions  of  the  face  may  be  affected  to  the  exclu- 
Bion  of  others.  The  lips  may  Ik?  paralyzed  without  los.s  of  motion  in 
the  parts  above,  and  vice  iyersd :  or  the  affection  may  be  fully  developed 
in  one  region,  and  only  partial  in  the  remainder.  But  when  the  dis- 
ease ia  seated  on  the  trunk  of  the  nerve,  within  the  aqueduct  of  Fal- 
lopius,  or  involves  its  central  origin,  its*  consequences  extend  uniformly 
over  one  side,  forming  a  complete  unilateral  facial  paralysis. 

The  signs  of  facial  paralysis  in  man  are,  in  general,  those  which  fol- 
low experimental  division  of  this  nerve  in  animals.  Its  main  pet:uliar- 
ity  depends  on  the  greater  development,  in  man,  of  the  facial  muscles 
as  organs  of  expression ;  and  ity  mont  murked  eflect  is  consequently 
loss  of  expression  on  the  paralyzed  side.  All  the  features  have  a  col- 
lapsed appearance.  The  eyelids  are  motiontcsH,  the  eye  remains  con- 
stantly open,  and  the  lower  lid  sinks  In-low  the  level  of  the  cornea; 
thus  giving  to  the  eye  a  staring,  vacant  appearance.  The  act  of  wink- 
ing is  no  longer  pc^rformed  on  the  affected  side.  Owing  to  the  paralyzed 
condition  of  the  frontalis  and  superciliary  muscles,  all  the  characterisJtic 
lines  and  wrinkles  on  this  side  disappear,  and  the  forehead  and  eyebrow 
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become  smooth  and  expressionless.     Tbc  same  i;*  true  of   the  cheek, 
which,  as  well  aa  the  nostril,  is  flattoned  and  coUapseiL     The  corn**^ 
of  the   mouth   hangs  downward,  and  owiujr  to  imp«Tfoct  cK^sure  of 
the  lips  there  is  sometimes  a  continual  es«tt|H'  of  saliva  from  thit?  point. 
Beside  these  symptoms  there  is  also  a  deviation  of  th^  mouth  Uneard 
the  sound  side,  owing  to  the  facial  museles  on  that  side  being^  no  lon^r  j 
antagonized  by  the  opposite.     In  many  instanws  this  deviation  i-s  n«>t| 
observable  during'  a  state  of  quiescence,  both  sets  of  muscles  being 
habitually  relaxed;   and  it   becomes   evident   only  when  the  patient . 
uses  those  of  the  sound  side,  as  in  speakin)^,  whistling,  nr  laughinfJT,] 
or  when  the  emotions  are  excited.     But  in  eases  where  the  face  hw ' 
naturally  an  abundance  of  expression,  the  distortion  of  the  featured^ 

Fro.  126. 
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and  their  different  appearance  on  the  two  sides,  are  distinct  at  tH 
times,  becoming  still  more  marked  when  the  patient  is  excited  or 
engaged  in  conversation. 

Another  effeet  ef  facial  paralysis  in  man  is  difficulty  in  drinking  and 
in  mnftfication.  Thi-  difficulty  in  drinking!;'  is  due  to  deficient  action  of 
the  orbicularis  oris  on  the  affected  side;  so  that  the  lips  at  this  comii 
of  the  mouth  cannot  he  kept  in  contact  with  the  sides  of  the  goblet 
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The  fluid  consequently  escapes  and  runs  over  the  lower  part  of  the 
fftct<,  unless  the  patient  aids  the  piinilyzed  part  by  pressure  with  the 
finj^ers.  The  difliculty  in  niastictttion  results  fruni  paralysis  of  the 
buceinator  muscle,  and  the  relaxed  condition  of  the  cheek.  The  food 
consequently  lodgres  between  the  gam  and  the  cheek ;  and  the  patient 
is  olU'n  oblij^ed  to  remove  it  by  mechanical  means  in  order  to  complete 
its  matstieatiun. 

The  loss  of  power  in  the  orbicularis  also  produces  imperfect  articu- 
lation. The  lips  cannot  be  brought  to/jether  with  precision,  and  the 
labials,  such  as  li  and  P,  are  imperfectly  pronounced.  In  caHe.s  of  bilat- 
eral paralysis,  which  have  been  sometimes  observed,  the  features  are  no 
long«r  deviated  from  their  syinmetrical  position,  but  the  difficulty  of 
articulation  is  much  increased,  extending  to  some  of  the  vowels,  such 
as  O  and  TJ,  which  require  contraction  of  the  orbicularis  oris.  This 
aflectidn  is  distinct  from  that  known  as  "  glosso-labio-laryngeal  paraly- 
sis" (page  445),  in  which  articulation  is  also  impaired.  In  the  latter 
disease,  which  is  of  central  origin,  the  paralysis  affects  the  muscles  of 
the  tongue  and  larynx,  as  well  as  those  of  the  lips ;  in  facial  paralysis 
it  is  confined  to  those  which  receive  their  filamcuts  fr«ira  the  seventh 
pair.     Facial  paralysis  may  therefore  exist  without  danger  to  life. 

CroHsed  Action  of  the  Facial  Nerve. — Minute  examination  of  the 
origin  of  this  nerve  indicates  a  transverse  communication  by  decus- 
sating  fibres,  between  its  nucleus  on  the  floor  of  the  fourth  ventricle 
and  the  opposite  side  of  the  tuber  annulare.  It  has  not  yet  been  found 
possible,  however,  to  follow  these  fibres  throughout,  or  to  decide  whether 
they  are  root  fibres  which  have  simply  pas-^ed  through  the  nucleus,  or 
whether  they  originate  from  the  nerve  cells  of  tbe  nucleus  and  thence 
pass  to  the  opposite  side. 

That  the  facial  nerve  has  in  great  part  a  crossed  action  is  evident 
from  the  results  of  pathological  observation.  Facial  jmralysis  is  a  fre- 
quent acfompanimcnt  of  hemiplegia;  and  in  the  great  majority  of 
instances,  that  is,  when  the  cerebral  lesion  is  above  the  tuber  annulare, 
the  hemiplegia  of  the  body  and  limbs  and  the  paralysis  of  the  face  are 
on  the  same  side  with  each  other.  The  injury  to  the  brain,  therefore, 
in  such  cases,  produces  lioth  hemiplegia  and  facial  paralysis  on  tbe 
opposite  side.  But  when  tbe  injury  is  lower  down,  in  the  tuber  annu- 
lare, it  may  affect  at  the  same  time  the  roots  of  the  facial  nerve  outside 
Its  nucleus,  and  the  anterior  pyramids  above  their  decussation;  caus- 
ing in  this  way  a  faeiul  paralysis  on  the  same  side  and  homiplegia  on 
tbe  opposite  side.  It  thus  appears  that  the  fncial  pnrnlysis  is  on  the 
side  of  the  cerebral  lesion  when  this  is  below  the  nucleus,  and  on  the 
opposite  side  when  it  is  above  the  nucleus  or  in  the  hemispheres.  This 
shows  that  the  action  of  the  facial  nerve  is  lorgely  a  crossed  action. 

The  cross  conneclion,  however,  between  the  nucleus  and  the  opposite 
side  of  the  brain  does  not  affj^ct  all  the  functions  of  this  nerve.  The 
only  decussation  of  its  fibres  known  to  exist  is  that  which  takes  place  at 
tbe  raphe  on  the  floor  of  the  fourth  ventricle.     If  all  the  fibres  of  the 
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nerve  root  crossed  at  this  point,  a  long-it udinal  section  at  the  medivi 
line  between  the  two  nuclei  would  completely  paralyze  both  eidca  of | 
the  fttce.     But  this  effect  is  not  produced ;  since  in  the  experiment 
of  Vulpian,*  on  dogs  and  rabbits,  the  animals  after  this  operation  wi-rej 
Btill  capable  of  winking  with  both  eyes ;  only  the  action  was  no  lonj 
simultaneoiiw,  each  eye  bein^  closed  at  irregular  intervals  indei>endeutlj 
of  the  other. 

It  is  evident,  therefore,  that  the  reflex  action,  in  winking,  lake 
place  for  each  eye  on  the  same  side,  no  doubt  in  the  gray  jiuh^tJUKS 
of  the  facial  nucleus ;  the  two  nuclei  habitually  acting  in  harmony  b 
means  of  their  commissural  fibres.  But  the  voluntary  and  emotioni 
impulses,  which  cause  movement  of  the  features,  are  transmitted  b^ 
decussating  fibres  froiu  opposite  sidi'S  of  thv  brain. 

This  is  still  further  iudicatt^d  by  the  eflt^cts  of  peripheral  and  oentrs 
lesions  of  the  nerve.     In  man,  as  well  as  in  animals,  if  this  ncrre 
divided  or  destroyed   during  its  }>assage   through  the   atiueduct   »l 
Fallopius,  all  the  facial  movements  are  paralyzed  together.     But  ii 
paralysis  depending  on  a  cerebral  lesion  above  the  nucleus,  it  ia 
eratly  observed    that  the  loss  of  motion  is  not  complete ;    but  th&tA 
while  all  other  movements  of  the  face  are  paralyzed,  the  action  ofJ 
winking  remains  on  the  affei-ted  ahiv.     This  pfi-uliarity  is  u*«ed  a*  ti 
means  of  diagnosis  between  facial  paralysis  from  injury  of  the  n« 
and  that  caused  by  a  lesion  in  the  bratu. 

SensibilUtf  of  the  Facial  Nerve. — Although  this  nerve  is  exclusit 
motor  ai  its  origin,  it  subsequently  receivrs  tilaments  of  communicationj 
from  the  trigeminus,  which  give  it  a  certain  degree  of  sensibility.     Tb« 
most  important  of  these  branches,  given  off  from  the  inferior  maxillaryij 
division  of  the  fifth  nerve,  joins  the  facial  soon  after  its  emergence  froi 
the  stylomastoid  foramen,  and  thouee  accompanies  its  principal  racii- 
fieatious.    According  to  the  uiiiled  testimony  of  modern  experimentera 
the  facial  nerve,  if  exaiuined  on  the  side  of  the  face,  is  found  sensi- 
tive to  mecbauical  irritation,  although  its  sensibility  is  much  inferioi 
to  that  of  tbi'  fifth  pair.     Owing  to  this  communication,  the  neuralgio;| 
pain    of   tic   douloureux   sometimes   seems   to   follow   the   horizontAlf 
branches  of  tin-  fa«;ial  nerve.     The  proof,  however,  that  its  gaeusitiv* 
fibres  are  derived  from  anastomosis  and  do  not  originally  form 
of  its  trunk,  is  that  the  sensibility  of  the  regions  to  which  it  is  distriH 
titeii  disajjpears  conjplelely  after  division  of  the  tifth  pair,   uutwith- 
standiug  that  the  facial  remains  entire. 

Bcsidi'  tlie  comnHiuication  above  mentioned,  this  nerve  couinw 
frequent  anastomoses,  in  the  anterior  part  of  the  face,  with  the  supr 
orbital,  infraorbital,  and  mental  branches  of  the  lifth  pair. 

Communicatiortin  of  the  Facial  Xerve  in  the  Aqueduct  of  Fallojnni 
— While  passing  through  its  canal  iu  the  i>ctrous  portion  of  the  tempoi 
bone,  the  facial  nerve  gives  off  a  number  of  slender  filaments  by  wbic 
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"commtmicates  with  other  nerves  or  with  ganglia  of  the  sympathetic 
Bystem.  The  physiological  character  of  most  of  these  tilaiueuts  is  im- 
perfectly  understood ; 
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Thk  FAn*t  Nkbvk  awp  ith  <,V)nmect]0!«s,  within  the 
Aqueduct  of  Fallopiu.i.— I.  Fifth  ncrre,  with  the  liaii- 
terlao  i^uglton.  2.  Ophtbnlmtc  dlrisloD  of  th«  fifth 
uerre.  X  Supt-rior  tuoxlllary  dWiitlon  of  th«  flftb  nerv«. 
4.  LUiccueI  nurve.  5.  KpbenopaUtine  ganglion.  6.  Otio 
Kani;li<»ii.  7.  Submaxillary  gani^lion,  H.  Facial  nerve  In 
the  aiiueduct  of  FallopiuL  9.  (ireat  aupcrlleial  petrusal 
uerre.  10,  Small  (uperficlal  petrusal  uerre.  11.  Sbipe- 
dius  braoc'h  of  fai'lal  nente.  VI.  Branch  of  communlea^ 
tion  with  pneuniogtutric  nerva.  13.  Branch  of  communi- 
cation with  i^lo.'t.tiipharjrDgeaJnerTe.  14.  Chorda tympanl. 


but 
they  are  of  interest  from 
being  usually  involved  in 
injury  of  the  nerve  within 
its  bony  canal,  thus  pro- 
ducing secondary  symp- 
toms, in  addition  to  those 
of  facial  paralysis. 

At  the  elbow  formed  by 
the  anterior  bend  of  the 
facial  nerve,  soon  after  its 
entrance  into  the  fttjueduct 
of  Fallopius,  there  is  a 
small  collection  of  gray 
substance,  known  as  the 
*'  ganglion  geniculatum." 
Prom  this  gauirh'on  a  slen- 
der filament,  the  great  eit- 
perficial  petrosal  •nerve 
(Fig.  126, 9),  runs  obliquely 
forward  through  the  base 
of  the  skull,  and  terminates 
in  the  sphenopalatine  gan- 
glion (j).  This  ganglion,  which  is  also  connected  with  the  superior 
maxillary  division  of  the  fifth  nerve  (,),  sends  branches  to  th<'  mucous 
membrane  of  the  posterior  part  of  the  nasal  passages  and  the  hard  and 
soft  palate,  and  to  the  levator  palati  and  uvular  muscles ;  that  is,  to 
the  dilators  of  the  isthmus  of  the  fauces. 

This  filament  of  communication  between  the  facial  nerve  and  the 
spheuoyjalatioe  ganglion,  is  no  doubt  the  motor  root  of  the  ganglion, 
supplying  motive  force  for  its  mu.ecular  branches.  Such  an  inference 
seems  justified  by  the  affection  of  the  palatal  muscles  accompanying 
certain  cases  of  facial  paralysis  from  deep-seat«d  lesions.  It  consists  in 
an  incapacity  to  lift  the  soft  palate,  which  hangs  passively  downward, 
and  in  a  lateral  deviation  of  the  uvula,  which,  according  to  Longet,  is 
always  toward  the  sound  side.  Tht-  levator  paluti  and  uvular  muscles 
being  paralyzed,  the  uvula  is  drawn  into  an  oblifjue  position  toward 
the  non-paralyzt'd  side.  As  there  is  no  other  conununication  hotweeu 
the  facial  nerve  and  the  palatal  muscles  than  that  through  the  spheno- 
palatine ganglion  by  the  great  superficial  petrosal  nerve,  the  latter 
must  be  regarded  as  containing  motor  fibres  running  from  the  facial 
to  the  ganglion. 

A  little  l>elow  the  last-mentioned  filament,  the  facial  nerve  gives  off 
a  second,  thf  small  guperficial  petrosal  nerve  do),  which  communicates 
both  with  the  otic  ganglion  and  with  the  plexus  on  the  inner  wall  of 


476 


THE    NERVOUS    SYSTEM. 


the  tyrapftnum,  known  as  the  "  tympanic  plexus,"  which  Buppliea  tli»| 
lininfj  membrane  of  the  tympanic  cuvity,  while  the  otic  ^nglion  seniU] 
a  mfjtor  filamcul  to  the  tensor  tynipani  muscle. 

From  tbe  concave  l)ord«'r  of  th^  facial  nerve,  as  it  bends  downward 
a  fine  motor  filament,  the  i<tapediuB  branch  („),  posses  forward  to 
etapcrliuH  mtiHclf.  The  facial,  therefore,  in  this  part  of  its  course,  ho 
m  influence  on  the  meohanitim  of  hearing,  through  the  muBcles  wkiehj 

?gulate  the  tonfiion  of  the  memhraua  tympani.      This   influence 
jxertcd  directly  by  its  stapedius  branch,  and  indirectly,  throUiErh  tb< 
>tic  ganglion,  by  the  filament  supplied  to  the  tensor  tympani.     Facial 
"^paralysis  is  sometimes  accompanied  by  partial  deafness,  and  somotimoaj 
by  almormal  sensibility  to  soniirous  impre.s,si»)ns ;  but  it  has  not  bi-en 
determined  how  far  these  symptoms  arc  due  to  paralysis  of  the  miuclevj 
of  the  middle  ear,  or  to  the  implication  of  other  parts. 

From  its  descending  portion,  the  facial  ntrve  gives  oflF  two  emallJ 
branches  of  eonuunnication  1 1,.  ].),  one  to  the  pneuni(i(jaMric  and  one  to 
the  glossopharyngeal  nerve,  both  of  which  are  usually  considered  as 
motor  filaments.  This  seems  nearly  certain  in  regard  to  the  glosBO^ 
pharyngeal  branch ;  .''inee  Cruvcilhier  det^cribes  a  separate  Hlament  of 
the  fac-ial  sometim«  s  passing  to  the  styloglossal  and  palatoglossal  ma»- 
clcB,  and  Longet  citci*  an  in.Htanee  in  which  a  branch  of  the  facial,  oa 
one  side,  without  making  connection  with  the  glos-sopharyngeal  nerve, 
was  distributeil  directly  to  the  pnlataglossal  and  glossopharyngeal  ma»- 
clca;  that  i.-^,  to  the  constrictors  of  the  iVtlimus  of  tlie  fauces. 

Finally  the  facial  nerve,  shortly  b<.>fore  its  e.\it  from  the  st jlomaAtoid . 
foranun,  gives  off  from  its  concave  border  liie  chorda  tympani  („). 
It  first  passes  in  a  recurrent  direction,  traverses  the  cavity  of  the  tym- 
panum near  the  inner  surl'nce  of  the  membrana  tympani,  curves  doHD- 
ward  and  forward,  and  at  last  joins  the  descending  portion  of  Uw 
lingual  nerve.  Soim^  of  its  fibres  afterward  diverge,  pai*sing  to  the 
Kubmaxillary  ganglion  and  the  submaxillary  gland ;  while  others  con- 
tinue onward  with  the  lingual  nerve  and  accompany  it«  distribution  in 
the  tongue. 

The  most  positive  knowledge  in  our  possession  as  to  the  physiologi- 
cal character  of  the  chorda  tympani  relates  to  its  influence  on  the  phtv 
nomena  of  rirvnlatwn  and  (tecr»'tktn  in  the  tongue  and  the  submax- 
illary gland.  The  experiments  of  Bernard,  corroboratefl  by  subsequent 
observers  and  especinlly  J>v  Vulpian,*  show  that  galvanization  of  the 
chorda  lympani  iiicreaHie.'*  both  the  circulation  of  the  blood  and  the 
seerolHfn  of  saliva  in  the  submaxillary  gland.  But  if  the  eh«.ir<Ia  1  vni- 
pani  be  divideii  butli  the.se  actions  suffer  diminution,  and  the  gland 
remains  inexcitable  when  a  sapid  substance  is  introduced  into  the  mouth. 
If  the  peripheral  extrenuty  of  the  divided  nerve  be  galvanized,  circula- 
tion and  tiecreti(jn  are  excited  as  before ;  and  the  same  cflFect  is  pro- 
duced by  stimulating,  either  the  lingual  nerve,  or  the  filament  which 
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it  sends  to  the  submaxillary  glan«l.  A  similar  influence  is  exerted  on 
the  circulation  in  the  corresponding  half  of  the  tongue;  and  it  is  of 
special  importi»uoc  that  this  increase  of  circulatory  activity,  excited  by 
galvanizing  the  chorda  tympani  al»ove  its  union  with  the  lingual,  is 
also  produced,  according  to  Vulpian.*  by  galvanizing  the  separated 
extremity  of  the  divided  lingual  nerve  containing  fibres  of  the  chorda 
tympani.  This  shows  that  its  influence  is  in  the  nature  of  a  motor 
ftction;  that  is,  it  passes  from  the  eentnil  parts  toward  the  jKriphery, 
and  not  in  the  inverse  direction.  Finally,  while  evulsion  of  the  facial 
nerve  from  the  aqueduct  of  Fallopius  arrests  the  secretive  action  of  the 
submaxillary  glanil,  its  section  at  the  stylomastoid  foramen  does  not 
have  this  effect,  but  ouly  paralyzes  the  muscles  of  the  face.  This  dif- 
ference depends  on  the  fact  that  in  the  former  case  the  chorda  tym- 
pani is  involved  in  the  injury,  in  the  latter  it  remains  intact. 

Another  symptom  observed  in  deejvseated  lesions  of  the  facial  nerve, 
and  also  dep«-'ndeut  ou  injury  of  the  chorda  tympani,  is  a  disturbance 
of  the  senne  of  taste  in  the  tip  and  surface  of  ilu-  tongue.  In  this 
affection,  the  taBte  \»  not  absolutely  abolished,  but  is  diminished  in 
acuteness  and  in  pnunptittide.  If  a  bitter  substance  be  placed  alter- 
nately on  the  two  sides  of  the  tongue,  it  is  perceived  ulniost  imme- 
diately on  the  sound  side,  but  only  after  a  considerable  interval  on  the 
Bide  of  the  paralysis.  Various  explanations  have  been  sviggested  for 
these  phenomena,  which  by  most  writers  are  referred  exclusively  to 
the  chorda  tympani.  As  the  fibres  of  this  nerve  have  so  murked  an 
influence  on  the  circulation  in  the  tongue  and  on  salivary  sefTction, 
it  ia  plain  that  when  these  functions  are  depressed  by  itB  division  or 
injury  the  sense  of  taste  may  be  im}iaired  as  an  indirect  result.  But 
whatever  be  the  raechnnism  f>f  its  action,  there  is  no  question  that  its 
paralysis  interferes,  to  an  appreciable  degree,  with  this  sense;  and  an 
alteration  of  taste,  accompanying  facial  paralysis  on  the  same  side, 
consequently  fixes  the  luealion  of  the  nervous  lesion  at  some  point 
within  the  stylomastoid  foramen. 

Eiglith  Pair,    The  Anditory. 

On  the  posterior  surface  of  the  medullu  nUlongnta,  a  little  behind  the 
widest  part  of  the  fourth  ventricle,  a  numVier  of  white  striationa  run 
from  the  neighborhood  of  the  median  line  transversely  outward,  toward 
the  peduncles  of  the  cerebellum.  These  striations  represent  the  roots 
of  the  auditory  nerve.  The  nucleus  from  which  they  originate  is  a 
mass  of  gray  substance  beneath  them,  containing  nerve  cells  of  the 
smaller  variety.  It  extends  nutward  and  upward  toward  the  white 
substance  of  the  cerebellum,  with  which  it  ia  connected  by  numerous 
radiating  fibres. 

From  this  nucleus  the  root  fibres  run  almost  horizontally  outward, 
and,  uniting  witli  each  other,  curve  round  the  inferior  peduncle  of  the 
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cerebellum  to  the  lateral  surface  of  the  medulla  at  the  lower  border 
of  the  pons  Varolii.  Some  of  them  follow  a  deeper  course,  pas&iag 
obliquely  through  the  substance  of  the  medullla  to  the  same  poiot 
They  form  the  sapt-riur  or  external  root  of  the  auditory  nerve. 

The  internal  rtiot  consists  of  fibres  which,  according  to  Huguenio^ 
may  be  traeed  backward  from  their  point  of  I'niergcnce  into  the  inferior 
peduncle  of  the  cerebellum,  where  they  meet  with  a  st»eond  nucleus  of 
pray  substance,  and  continue  their  course,  in  company  with  the  lonc> 
tudinal  fibres  of  the  peduncle,  toward  the  white  substance  of  the  ci*j»>» 
bellum.  Thi.s  connection  with  the  cerebellum  is  the  main  aoBtoaucal 
|)ecu]iarity  by  which  the  auditory  is  distinguished  from  the  other  craaL 
nerves. 

The  auditory  nerve,  formed  by  the  ujiiou  of  these  two  roota,  after 
emerging'  fVom  the  lateral  surface  of  the  medulla  oblongata,  paases  for* 
ward  and  outward,  through  the  internal  auditory  meatus,  and  termi- 
nates in  the  nervous  «'Xpanaiona  of  the  internal  ear. 

Fhysiological  Froperlies  of  the  Auditory  Nerve. — The  auditory 
is  a  nerve  of  special  sense,  serving"  to  communicate  the  impression  of 
sonorous  vibrations.  In  the  experiments  of  Magendie  on  dogs  and 
rabbits,  the  auditory  nerve,  when  exposed  in  the  cranial  cavity,  waa 
found  iuscusible  to  mechanical  irritation,  although  the  roots  of  the  fifth 
pnir  exhibited  at  the  same  time  an  acute  sensibility.  Its  exclusive 
distribution  to  the  internal  ear,  for  which  it  forms  the  only  ni*rvoiii» 
connection  with  the  brain,  leaves  no  doulit  that  its  function  i;*  that  of 
trausmittiug  to  the  central  organ  the  uervouji  influences  which  product 
the  sentMition  of  sound. 

The  remaining  cranial  nerves,  comprising  the  glossopharyngeal,  the 
pnenmogastric,  and  the  spinal  accessory,  arc  distributed  to  the  deeper 
parts  about  the  commencement  of  the  digestive  and  respiratory  pas- 
sages, where  general  sensibility  is  but  slightly   developed,  and  the 
movements  are,  for  the  most  part,  involuntary.    Externally,  they  «bowr 
a  marked  siiuilarity  of  auatnTiiical  arraugenaeut.  originating  one  bchitid 
the  other,  in  a  continuous  line,  along  the  lateral  furrow  of  the  medulla 
oblongata  and  the  si«le  of  the  spinal  cord,  each  by  a  series  of  separate 
filaments ;  and  in  such  juxtaposition  that  it  is  in  some  instaDoes  diA-| 
cult  to  siiy  where  the  root  fibres  of  one  terminate,  and  those  of  the 
other   begin.     The    two   sensitive   nerves    bclnnging   to   tbia   group, 
namely,  the  gloHsopharyngeal   and   the   pneuraogastric,  have   each  aj 
distinct  ganglion,  situated  within  their  point  of  emergence  from  the 
cranium,  and  origirmte  ironi  two  continuous   nuclei  at  the  posterior 
surface  of  the  medulla  oblongata.     The  motor  nerve  of  the  group,  or ' 
the  spinal  accessory,  originates  from  a  nucleus  of  its  own,  and  sendaj 
branches  of  communication  to  the  other  two.     While  these  nervea^ 
therefore,  can  hardly  be  regarded  as  a  single  pair,  they  have  never^j 
theless  a  close  mutual  relation  both  in  anatomical  arrangement  aud  in] 
physiological  properties. 
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Ninth  Fair.  The  GlossopharyngeaL 
The  fibres  of  the  ;;]os.soi)haryngeal  iiervu  origiuate  from  a  nucleus 
situutc-d  a  little  lR*hJiKl  nud  Iwlow  that  of  the  auditory,  and  near  the 
outer  border  of  the  fasciculus  teres,  by  which  it  is  scpnrated  from  the 
median  line.  Tbe  root-lihres,  after  leaving  the  nueleuH,  pass  downward 
and  outward  through  the  medulla,  and  emerge  from  its  lateral  surface, 
next  behind  the  auditory  nerve,  in  a  series  of  five  or  six  filaments,  which 
soon  unite  into  a  single  cord.  The  nerve  then  passes  into  and  through 
tbe  jugular  foramen,  in  company  with  its  as^aociated  nerves,  tbe  pneumo- 
fi^aAtric  and  t^pinal  accessory.  In  this  situation  it  presents  a  gungliouic 
enlargement,  known  as  tbe  peironal  f/anrjlion,  from  its  occupying  a 
shallow  depression  in  the  jjetrous  portion  of  the  temporal  bone.  It 
here  gives  off  a  fimatl  branch,  the  "  nerve  of  Jacobson,"  which  is  dis- 
tributed to  the  lining  meml>rane  of  the  tympanum  and  Eustachian 
tube,  and  sends  a  filanienl  of  conuuuincation  to  the  otic  ganglion  of 
the  sympathetic.  The  trunk  of  the  glossoplmryngenl  nerve  theu  passes 
downward  and  forward,  receiving  branches  of  communication  from  both 
the  facial  and  the  pneumogastric  nerves,  after  which  it  sejmrates  into 
two  nuiin  divisions,  one  of  wbieh  is  destined  for  the  tongue,  the  other 
for  the  pharynx;  a  donlilc  distribution,  to  which  the  nerve  owes  its 
iiaiue.  The  portion  passing  to  the  tongue  is  distributed  to  the  mucous 
membrane  of  the  posterior  third  of  this  organ,  namely,  to  that  portion 
situated  behind  the  V-^l>J'p''''  ■'<'^^'  <>rcircumvallate  papilke,  and  to  these 
pttpilhe;  it  also  supplies  filiniients  to  the  tonsils  and  to  the  mucous 
membrane  of  the  pillars  of  the  fauces  and  the  soft-  palate.  The  re^ 
maining  portion  of  the  nerve  is  distributed  to  the  mucous  membrane 
of  the  pharynx  and  to  the  digastric  and  stylopharynireal  mu.>icles,  by 
junction  with  a  branch  of  the  facial  to  the  styh»glossal  muscle,  and  by 
junction  with  branches  of  the  pt«i-um«»gasiric  to  the  superior  and  middle 
constrictor  muscles  of  the  pharynx.  Tho  nmscles,  aecordingly,  to  which 
this  nerve  is  directly  or  indireetly  distributed  an*  those  by  whieh  the 
tongue  Is  drawn  bnekward  (styloglossal),  the  larynx  and  pharynx  ele- 
vated (digastric  and  stylopharyngeal),  and  the  uf»pcr  part  of  the  pharynx 
contracted  (superior  and  middle  constrictors) ;  that  is,  those  concerned 
in  the  act  of  deglutition. 

Physiological  Projwrtiot  of  the  Gloxmpharyngeal. — The  glo.ssopha- 
ryageal  is  for  the  most  part  a  nerve  uf  sensibility.  Its  origin  from 
the  gray  substance  in  the  medulla  oblongata  eorrcspondijig  to  tbe  pos- 
terior horns  of  the  spinal  cord,  the  ganglion  located  upon  its  tnmk 
in  tbe  jugular  foramen,  and  its  principal  di.-^tribution  to  the  mucous 
membranes  of  the  tongue  and  jiharynx,  all  indicate  its  anatomical  re- 
Bemblanco  to  other  sensitive  nerves  or  nerve  roots.  The  result  of 
direct  experiment  corroborates  this  view.  Longet,  in  irritating  tho 
glossopharyngeal  nerve  within  the  cranium,  waa  never  able  to  pro- 
duce muscular  contraction  ;  and  although  Chauveau,  in  experimenting 
upon  this  nerve  in  the  same  situation  in  recently  killed  aninmls,  saw 
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its  pralvauization  followed  liy  contraction  of  the  upp^r  part  of  tL 
pharynx,  this  effect  was  probably  due  to  reflex  action,  since  the  nerv( 
was  still  iu  connection  with  the  medulla  oblongata.  This  coQclosioBl 
is  reiidtu'ed  rertuin  by  the  investigations  of  Reid,*  who  found  llii 
irritittiitn  of  the  fj;li>f*s«|)haryuKeal  n«^rve  produced  movcuientjs  of  U> 
throat  and  lower  part  of  the  face;  but  thetie  movements  were  also  pr 
duced,  after  the  nerve  had  been  divided,  by  irritation  of  its  cranii 
extremity.  Its  aea^ibility,  however,  ap|x*ars  to  be  of  a  low  grade 
as  compared  with  that  of  the  trigeminal  uerve.  While  Bome  ol 
servers  (Keid)  found  its  irritation,  outside  the  jugular  foramen,  git 
rise  to  indications  of  pain,  others  (Panizza)  havf  failed  to  elicit  bj 
this  means  any  signs  of  sensibility  whatever;  and  others  still  (Lon^tJ 
speak  of  them  in  an  uncertain  manner.  Tljis  variation  in  the  ol>serve< 
results  is  sufficient  to  show  the  inferior  capacity  of  the  glossopharyugefl 
nerve  for  painful  impressions;  since  no  experimenter  ba^)  ever  doabi 
the  aeute  sonsibility  of  the  fifth  pair. 

But  notwithstanding  the  coui]»arative  deQciency  of  this  nerve  andj 
the  parts  to  which  it  is  distributed,  in  ordinary  sensibility,  it  servi 
to  transnxit  impressions  of  a  t^pecial  character,  which  are  connectei 
with  two  diiferent  but  associated  functions,  namely :  1.  The  seuiic 
taste,  and,  2.  The  act  of  deglutition. 

Conneclion  with  the  Semte  of  Taste. — The  sensation  of  taste  cxistaj 
not  only  in  the  anterior  portion  of  the  tongue  supplied  from  the  liof 
branch  of  the  fifth  piiir,  but  also  at  the  base  of  the  organ,  throughnul 
its  posttirifir  thini,  and  in   tltc  arrln's  of  the  palate,  supplied  by  fibrti 
of  the  glossopharyngeal.     But  wbil«'  the  region  supplied  by  the  Oftl 
pair  possesses  also  a  tactile  sensibility  of  high  grade,  in  the  posttirii 
region  the  general  sensibility  is  much  inferior  to  that  of  taste.     Tl 
method  adopted  by  Longet  for  exumining  the  souse  of  tast<?  in  do| 
was  to  place  un  the  base  of  the  tongue  a  few  drops  of  a  coneentraiedl 
solution  of  coiocynth.     Although  this  always  produced,  in  the  natural  1 
condition  of  the  animal,  nninifest  signs  of  disgust,  it  had  no  sach  effpctJ 
as  a  rule,  after  section  of  the  glossopharyngeal  nerves,  provided  th<*^ 
solutiuu  were  applii'd  only  to  the  posterior  part  of  the  tongue  and  tbr 
pharynx ;  while  if  even  a  minute  quantity  came  in  contact  with  llwij 
tip  or  edges  of  the  organ  it  caused   brisk   movements  of   the  jawa 
with  all  the  indications  of  repugnance.     Irv  the  anterior  and  mor 
movable  parts  of  the  tongue,  accurdingly,  the  sensations  of  ta.ste  ar 
appreciat-ed,  duriny:  mastication,  by  the  filaments  of  the  lingual  nerve 
The  glossoplmryugral,  on  the  other  hand,  is  the  nerve  of  tu^te  for  tl 
posterior  purl  of  the  organ;  and  is  called  into  activity  after  mosticj 
tion  is  accomplished,  when  the  food  is  carried  backward  for  deglutition] 
and  compressed  by  the  base  of  the  tongue,  the  pillars  of  the  fai; 
and  the  walls  of  the  pharynx. 
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Connection  with  Deglutition. —  In  the  fauces  and  pharynx,  the 
glodi^topharyngeal  nerve  is  sensitive  to  certain  impressions,  which 
excite  the  muscles  of  the  neighboring  parts  und  bring  into  play  the 
juechouism  of  deglutition.     The  beginning  of  this  process  consists  in 

kwing  backward  and  upward  the  bane  of  the  tongue,  by  which  the 
masticated  food  is  carried  through  the  Lsthiiius  of  the  fauces  into  the 
pharynx.  Next,  the  muscles  of  the  pillars  of  the  fauces  (palatoglossal 
and  palatopharyngeal)  close  the  opening  of  the  isthmus,  while  the  soft 
palate  is  extended  across  the  upper  end  of  the  pharynx,  shutting  off  its 
communication  with  the  posterior  nares ;  and  the  constrictor  rausclea 
of  the  pharynx  then  force  its  contents  downward  into  the  oesophagus. 
This  is  an  involuntary  reflex  action.  The  contraction  of  the  muscles, 
and  their  coordination  in  a  series  of  successive  movements,  will  take 
place  even  in  a  state  of  unconsciousness  under  the  stimulus  of  food  or 
liquids  in  contact  with  the  fauces  and  pharynx.  This  contact  produces 
an  impression  which  Is  conveyed  by  the  glossopharyngeal  nerve  inward 
to  the  medulla  oblongata,  whence  it  is  retloetod  in  the  form  of  a  motor 
impulse. 

Motor  ProjjertieH  of  the  Glossopharyngeal Although   this   nerve 

appears  to  be  exclusively  sensitive  at  its  origin,  it  is  found,  when 
examined  outside  the  cranium,  to  possess  motor  properties.  In  the 
experiments  of  Mayo  on  the  ass.  confirmed  by  those  of  Longet  on 
the  horse  and  dog,  irritaiiun  of  the  glossopharyngeal  nerve  in  the 
iieck  produced  contraction  of  the  styldpharyngeal  muscle  and  the 
upper  part  of  the  pharynx.  These  movements  were  the  result  of 
direct  motor  action,  since,  in  the  experiments  of  Longet,  they  were 
excited  by  irritating  the  peripheral  extremity  of  the  divided  nerve. 

The  glossopharyngeal,  therefore,  after  its  exit  from  the  jugular  fora- 
men, is  a  mixed  nerve.  In  addition  to  its  original  sensitive  filaments, 
it  has  received  a  branch  of  communication  from  the  facial,  and  also 
a  branch  from  the  pnounioga.stric.  The  latter  branch  is  regarded,  on 
anatomical  grounds,  as  made  up,  wholly  or  in  part,  of  motor  Gbrea 
coming  from  the  spinal  accessory,  through  its  anastomosis  with  the 
pneumogastric.  The  results  obtained  by  experiment  also  indicate  a 
double  source  for  the  motor  fibres  of  the  glossopharyngeal  nerve.  If 
these  were  derived  exclusively  from  either  the  facial  or  the  spinal 
accessory,  the  division  of  one  or  the  other  of  these  nerves  above  its 
communicating  branch  would  abolish  completely  the  motor  power  of 
the  glossopharyngeal.  But  the  experiments  of  Bernard  and  Longet, 
in  which  the  facial  nerve  was  divided  in  the  aqueduct  of  Fallopius,  and 
those  in  which  the  spinal  accessory  was  destroyed  on  both  sides,  show 
that  the  process  of  deglutition,  though  retarded,  is  not  abolished  by 
cither  operation. 

Beside  these  anastomotic  branches  near  its  origin,  the  glosso- 
pharyngeal is  joined  by  a  second  branch  froni  the  facial,  which  accom- 
panies it  to  the  styloglossal  muscle,  and  [lerhaps  also  to  the  pillars  of 
thti  fauces;  and,  according  to  Cruveilhier,  a  branch  derived  from  the 
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spinal  accpRsory  takes  part  in  the  formation  of  tbe  pharyngeal  plexus 
supplying  the  upper  constrictor  muscles  of  tbe  pharynx.  The  process 
of  deglutition,  therefore,  is  excited  at  its  commencement  by  sensiiire 
impressions  conveyed  through  the  glossopbaryng-eal  nerve;  bat  its 
movements  are  executed  by  a  reflex  impulse  transmitted  throagh  the 
motor  fibres  of  several  distinct  branches  of  communication. 

Tenth  Fair.    The  PneTimogaBtrio. 

The  pneumo^stric  nerve,  nmarkable  for  its  extensive  course  and 
varied  distribution,  has  received  its  name  fmm  the  two  most  important 
organs  in  which  it  terminates,  namely,  the  lungs  and  stomach.  It 
arises  from  the  fiido  of  the  medulla  oblonirata  by  ten  or  fifteen  fila- 
ments, arranged  in  linear  series  continuously  with  those  of  the  glosso- 
pharyngeal. Their  nucleus  of  origin  is  an  extcnde^d  tract  of  gray  sub- 
stance on  the  posterior  surface  of  tbe  medulla  oblongata,  just  outside 
the  lower  extremity  of  the  fascictihis  teres.  This  deposit,  which,  by  the 
divergence  of  the  posterior  columns,  is  exposed  to  view  on  the  fioor 
of  the  fourth  ventricle,  is  knowu  as  the  ala  cinerea.  At  its  anterior 
extremity  it  is  continuous  with  the  nucleus  of  the  glos.sopharyngeal ; 
and  at  its  posterior  extremity  it  joins  that  of  the  spinal  accessory. 
From  its  deep  surface  it  gives  out  the  root  fibres  of  the  pneumo- 
gastric  nerve,  which  run  downward  and  outward  through  the  medulla, 
and  emerge,  in  the  above  mentioned  series  of  filaments,  from  its  lateral 
surface 

The  filaments'^  of  tbe  pneumogastric,  after  leaving  the  medulla,  unite 
into  a  trunk  which  jjasses  out  of  the  cranium  by  the  jugular  forameiL 
Here  it  presents  a  yanglionie  swelling,  known  as  the  "jugular  ganglion.'* 
At  or  iiuniediateiy  lieyond  this  situation,  the  nerve  is  joined  by  a  motor 
bnuich  from  the  spinal  accessory  j  and  it  afterward  receives  similar  fila- 
ments from  four  other  sources;  namely,  the  facial,  the  hypoglossal,  and 
the  anterior  branches  of  the  first  and  second  cervical  nerves. 

While  passing  down  the  neck  the  pneumogastric  nerve  contributes 
an  anastomotic  branch  to  the  pharyngeal  plexus.  Its  first  important 
branch  of  distribution  is  the  superior  larifngeal  nerve,  which  pene- 
trates the  larynx  by  an  opening  in  the  thyro-hyoid  membrane,  and  is 
distribiiled  to  the  mucous  membrane  of  the  epiglottis  and  the  laryngeal 
cavity.  It  also  gives  off  a  stnall  muscular  branch  1o  the  iulerior  con- 
strictor of  the  pharynx  and  to  the  cricothyroid  muscle  of  the  larynx. 
It  supplies  several  filaments,  which,  with  others  from  the  great  Bym- 
pathetie,  form  the  lartfngeal  ple.rus ;  and  by  this  plexus  it  sends  fibres 
to  the  upper  cardiac  nerves  of  the  synipathi'tic.  Other  filaments  which 
it  gives  off  in  the  neck  also  join  the  cardiac  branches  of  the  sympa- 
thetic, or  sometimes,  according  to  Cruveilhier,  pass  directly  to  the 
cardiac  plexus  l>eneath  the  arch  of  the  aorta. 

The  next  branch  is  the  inferior  Iar>/n(jeal  nerve,  which  separates 
from  the  pneumogastric  after  its  entrance  into  the  chest,  and  ascends, 
between  the  trachea  and  oesophagus,  to  the  larynx,  giving  off  filamenta 
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to  the  cesophajyrus  and  the  inferior  constrictor  of  the  pharynx.  This 
nerve  is  distributed  to  all  the  muscles  of  the  larynx,  except  the  crico- 
thyroid Already  supplied  by  1he  su- 
perior leiryngeal.  The  lar^^nx  there- 
fore receives  from  the  pneuniogastrie 
two  different  branches,  of  distinct 
properties  and  functions.  The  supe- 
rior laryngeal  branch  is  mainly  a  sen- 
sitive nerve,  supplying  the  mucous 
membrane;  the  inferior  laryngeal 
branch  in  motor,  and  provides  for  the 
activity  of  the  laryngeal  muscles. 

The  most  important  dependency  of 
the  pneumogastric  nerve  in  the  chest 
is  the  pulmonary  plexus.  This  is 
formed  by  a  number  of  inosculating 
branches,  from  which  the  filaments 
of  distribution  pass,  along  the  bronchi 
and  their  subdivisions,  to  the  pulmo- 
nary lobules.  In  the  inferior  portion 
of  the  chest,  other  inosculating  branches 
sarround  the  oesophagus  with  the 
oesopharjeal  plexus,  from  which  fibres 
are  Bupplied  to  its  mucous  membrane 
and  muscular  coat. 

The  pneumoga.>^tric  nerves,  after  re- 
anion  of  their  branches  below  the  pul- 
monary plexus,  enter  thu  abdomen 
and  spread  out  in  two  sets  of  gastric 
branches,  which  supply  the  mucous 
membrane  and  muscular  coat  of  the 
stomach.  Those  from  the  left  pneu- 
mogastric  nerve  supply  the   anterior 

wall  of  the  organ,  and  send  filaments  oriuihakd  Commcnoiis  of -niB  giogbo- 
to  the  transverse  fissure  of  the  liver, 
into  which  they  penetrate  in  company 
with  the  hepatic  plexus  of  the  sympa- 
thetic ;  those  from  the  right  pneumo- 
gastric supply  the  posterior  wall  of 
the  stomach,  and  finally  connnunicute 
with  the  solar  plexus  of  the  sympa- 
thetic. 

The  pneumogastric  nerve,  therefore,  is  distributed  to  the  passages 
by  which  air  and  food  are  introduced  into  the  body.  It  also  fonns  con- 
nection at  several  points  with  the  great  sympathetic,  and,  through  it, 
sends  fibres  to  the  heart. 

Pky«iological  Properties  of  the  Pneumogastric. — According  to  Lon- 
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get,  the  pncumogastric  at  its  origin  is  exclusively  sensitive.     I» 
of  the  nerve  roots,  separated  from  the  medulla,  is  without  effort ;  but  if 
applied  to  the  trunk  of  the  nerve  at  a  lower  level,  it  excites  rauscultf^ 
contraction.    -At  this  situation  the  nerve  contains  motor  fibrep  derired 
from  the  spinal  accessory,  the  facial,  the  hypoglossal,  and  the  two  apf 
cervical  nerves.     It  is,  accordingly,  a  mixed  nerve,  and  is  capahle 
providirtg  both  for  movement  and  sensibility  in  the  organa  to  which 
is  distributed. 

Its  scusibility,  however,  to  mechanical  irritation  is  bat  slight 
mark<'d,  as  shown   by  the  experience  of  all  observers.     It  may 
quently  Vie  divided,  in  the  uuctberized  animal,  without  causing  si^ 
of  pain ;  and  this  want  of  reaction  is  at  times  so  complete  as  to  in< 
cate  entire  absenco  of  ordinary  sensibility.     In  other  ingtxinc-<  - 
ing  to  Beniard,  it  appears  sensitive;  but  the  conditions  on  w 
difference  depends  are  unknown.    It  is  certain  that,  aB  a  rule,  the  pne 
mogastric  is  deficient  in  that  kind  of  sensibility  which  produces  painj 
and  the  organs  to  which  it  is  distributed  have  little  or  no  appreciatic 
of  tactile  impressions.    Nevertheless,  it  evidently  possesses  a  sensibilit 
of  peculiar  kind,  and  of  the  highest  importance  for  the  vital  fnnctioni 

Connection  \Bitk  Respiration. — The  most  important  endownimi 
the  pneumogflstric  ncrvo  is  that  connected  with  the  movements  of  tvt^ 
prratiitfi.     Its  influence  in  this  respect  is  evident  from  the  results  fo 
lowing  its  division  in  the  neck- 
When  the  nerves  have  been  simultaneously  divided  on  both  sides 
the  dog,  and  the  slight  dit^turhancc  which  immediately  follows  their 
tion  has  subsided,  the  most  striking  change  produced  in  the  auimal*) 
condition  is  a  diminisfied  frequencij  of  respiration.     The  respirator 
movements  sometimes  fall  at  once  to  ten  or  fifteen  per  minute,  becui 
ing,  in  an  hour  or  two,  still  more  infrecpient.     They  are  perform* 
easily  iiud  regularly  ;  and  the  animal,  if  undisturlxid,  usually  remaini* 
quiescent,  without  any  spi'cial  sign  of  discomfort.     By  the  second  or 
third  day  the  respirations  are  often  reduced  to  five,  four,  or  even  three 
per  minute  ;  the  gnneral  condition  of  the  nnimal  being  also  exceedinglj 
sluggish.     The  movement  of  inspiration  is  slow,  easy,  and  silent,  inxt 
pying  several  seconds  in  its  duration ;  white  that  of  expiration  is  sud^ 
den  and  audible,  and  is  accomjjauied  by  a  well-marked  effort,  which  has, 
to  some  extent,  a  convulsive  character.     The  intercostal  spaces  sink  in- 
ward during  the  lifting  of  the  ribs;  and  the  whole  movement  of  nsspt- 
ration  has  an  appearance  of  insufficiency,  as  if  the  lungs  were  not  tlif 
oughly  filled  with  air. 

Death  takes  place  from  one  to  six  days  after  the  operation  ;  the  only 
marked  symptoms  during  this  time  being  steady  faibire  of  the  rrspiri 
tion,  with  increasing  general  sluggishness.  After  death  the  lungs 
found  in  a  peculiar  state  of  sDlidifieation  ;  of  a  dark  purple  color,  leath- 
ery and  resisting  to  the  touch,  destitute  of  crepitation,  and  infiltr^teil 
with  blood.  Pieces  of  the  pulmonary  ti.ssue  cut  out  sink  in  water. 
The  pleural  surfaces,  however,  are  natural  in  apjiearance,  and  there  is 
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no  effusion  into  the  pleural  cavity.  The  lungs  are  fiimply  engorged 
with  blood,  and.  to  a  eonsiderahje  extent,  empty  of  air. 

The  inference  from  these  phenomena  is  that  the  paeumogastric  nerves 
are  the  channels  for  a  sensitive  impression  from  the  lungs  to  the  me- 
dulla oblongata  which  excites,  bv  reflex  action,  the  movement  of  respira- 
tion. Consequently  when  they  are  divided,  their  impre.-^sion  being  no 
longer  conveyt*d  to  the  nervous  centrer*.  the  reflex  act  in  the  medulla 
lacks  its  usual  .stimulus,  and  the  movements  of  respiration  diminish  in 
frequency.  They  do  not  cease  altogether,  because  a  similar  impression 
comes  from  other  parts  of  the  circulatory  system.  But  the  lungs  are 
the  organs  most  directly  concerned  in  rcfspiration,  and  the  must  sensi- 
tive to  its  deficiency ;  and  when  their  influence  is  cut  off,  the  greater 
part  of  the  normal  respiratory  stimulus  is  wanting.  The  medulla, 
accordingly,  reacts  less  frequently,  and  the  movements  of  respiration 
are  performed  at  longer  intervals. 

This  appears  to  be  the  only  explanation  which  will  account  for  the 
immediate  effects  of  dividing  the  pueuinogastrie  nerves.  The  iufire- 
quency  of  respiration  which  follows  directly  upon  this  operation  is  not 
due  to  parahsis  of  the  respiratory  muscles.  It  is  not  accompanied  by 
djspncea,  nor  by  any  sign  of  distress  from  defective  respiration.  It  is 
evident  that  the  animal  does  not  feel  the  need  of  breathing  aa  under 
ordinary  conditions,  and  eon.sequently  make's  no  effort  to  compensate 
for  the  loss.  If  respiration  were  reduced  in  frequency,  tht^  pneuniogas- 
tric  nerves  remaining  entire,  a  sense  of  suffocation  would  sonn  l>e  mani- 
fest. This  happens  when  the  breath  is  voluntarily  susjK'uded ;  the 
sensation  of  discomfort  being  first  peretptibte  in  the  lungs,  but  after- 
ward extending  over  the  whole  system,  and  assuming  the  ehiirncter 
of  an  inloleruble  distress.  When  breathing  is  renewed,  the  unpleasant 
ivonsation  disappear.^,  as  inspiration  renovates  the  air  in  the  pulmonary 
cavitie.*.  The  impression  transmitted  by  the  pneumogastrie  nerves  to 
the  medulla  is  sufficient  to  maintain  n.\«pirulion  at  its  normal  frequency. 
When  this  impression  is  cut  off,  the  rate  of  respiration  is  lowered  nearly 
one-half. 

But  the  subsequent  changes  after  this  operation  are  due  to  othi^r 
causes.  When  the  pneumogastrie  nerves  are  divided  in  the  middle  of 
the  neck,  the  fibres  of  the  inferior  laryngeal  nerve  arc  involved  in  the 
section.  This  paralyzes  the  laryngeal  muscles,  including  those  which 
separate  the  vocal  chords  and  0])en  the  glottis  at  the  moment  of  inspj. 
ration  (page  338).  The  glottis  is  then  left  in  a  condition  of  flaccidily, 
and  instead  of  o{>ening  in  inspiration  for  the  admissjtMi  of  air,  it  col- 
lapses and  obstructs  the  passage.  The  quantity  of  air  entering  the 
hinge  is  thus  diminished,  and  the  aeration  of  the  blood  still  further 
impaired.  This  no  doubt  causes  the  general  sluggish  condition  of  the 
nervous  system  after  section  of  the  pneumoga.strics.  The  medulla  par- 
ticipates in  this  derangement.  It  becomes  less  sensitive  to  the  respira- 
tory stimulus;  and  us  the  stimulus  itself  is  diminished,  these  conditions 
react  upon  each  other,  and  increase  the  difficulty  of  respiration.     Thus 
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the  breathing  Ix-comes  slower  and  slower,  until  it  is  at  last  so  n 
queot  that  it  can  no  longer  sustain  life. 

Fnrtheriuoro,  the  physical  change  in  the  pulmonary  tissues  is  sujk 
added  to  their  fuiK'tionai  derangement.  This  alteration  ha?  no  inflai 
matory  character,  but  consists  in  a  diminution  of  the  air  In  the  vetiicli 
of  the  lungs,  and  a  passive  accumulation  of  hlood  in  the  capillarie 
It  combine?*  with  the  causes  already  deHcrilx<d,  to  interfere  with  tl 
aeration  of  the  blood  and  to  hasten  the  failure  of  the  vital  powers. 

Protection  of  the  Glottis  from  Foreiyn  Substances. — The    superif 
laryngeal  branch  of  the  pneumogaslric  supplies  to  the  iniicous  met 
brane  of  the  larynx  a  peculiar  scnsibiHty  which  is  essential  for  tht*  pr 
tection  of  the  respiratory  passages.     It  stands  as  a  sort  of  peotiael, 
the  entrance  of  the  glottis,  to  prevent  the  intrusion  of  foreign  suJi 
stances.     If  a  crumb  of   bread   fall   within  the  aryteno-epiglottidt 
folds,  or  on  the  edges  of  the  vocal  chords,  tlic  sensibility  of  the  part 
excites  an  expulsive  cough,  by  which  the  foreign  body  is  dislodge. 
The  impression  conveyed  inward  by  the  superior  laryngeal  nerve  is 
reflected  upon  the  expiratory  muscles  of   the  chest  and  abdomen,  by 
which  the  movement  of  coughing  is  accomplished.     This  reaction 
dependent  on  the  sensibility  of  the  laryngeal  mucous  membrane;  and 
it  can  no  longer  be  produced  after  section  of  the  superior  birjugcal 
nerve. 

Connection  with  the  Voice. — In  addition  to  its  function  in  respiration 
the  larynx  is  an  organ  for  the  production  of  vocal  sounds.     The  fonni 
tion  of  the  voice  can  be  studied  in  animals  after  exposing:  the  giottifl 
by  the  operation  of  pharyngotomy ;  and  in  man  by  the  use  of 
laryngoscope.     The  first  important  fact  demonstrated  in  this  way 
that  the  voice  is  formed  always  in  expiration,  never  in  inspiration.    Tl 
column  of  outgoing  air  is  set  in  vibration  by  the  glottis,  and  it.s  rea 
onance  modified  in  the  pharynx,  mouth,  and  nasal  passage?.    Secondlyjj 
it  requires  tension  and  approximutifui  of  the  vocal  chords,  by  which  thi 
orifice  of  tlie  glottis  is  narrowed  to  a  comparatively  minute  crevic8»J 
When  the  vocal  chords  are  relaxed  during  expiration,  nothing  can  b 
heard  except  a  faint  whisper  of  the  air  passing  through  tht;  larrni 
In  the  production  of  a  vocal  sound  the  chords  are  made  ti  11 

closely  applied  to  each  other;  and  the  air.  driven  by  forcible  «  \ 
through  tiie  narrowed  ehitik  of  the  glottis,  between  the  vibrating  vucalj 
chords,  is  itself  thrown  into  sonorous  vibration.     The  tone,  pitch, 
intensity  of  the  sound  vary  with  the  conformation  of  the  larynx, 
tension  and  approximation  of  the  vocal  ehords,  and  the  force  of  expi 
tion.    The   narrower  the  opening  and  the  greater  the  tension  of 
chords,  the  more  acute  the  sound ;  wiule  a  wider  opening  and  a  lowc 
tension  pntduce  a  graver  note.     The  quality  i")f  the  sound  is  also  mot 
ficd  I>y  the  length  of  the  column  of  air  l>etween  the  glottis  and  ti 
mouth,  the  tenst-  or  relaxed  condition  of  the  pharvnx  and  fauces, 
the  dryness  or  moisture  of  the  mucous  membrane. 

The  production  of  a  vocal  sound  takes  place,  therefore,  in  the  laryi 
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while  articulation,  or  division  of  the  sound  intovowelfl  and  consonantB, 
words  and  phrabes,  is  afcomplishcd  by  the  lips,  tonjB:ue,  teeth,  and  pal- 
ate. Consequently,  division  of  thi-  pneumoj^astric  nerve  or  of  its  inferior 
Uryngeal  branch  on  both  elides,  produces  loss  of  voice.  Furthermore, 
AS  vocalization  and  articulation  are  dir>tinct  nervous  actions,  they  may 
be  deranged  independently  of  each  other,  by  iiy  ury  or  disease  of  tlifferent 
part^  of  the  nervous  gysteni.  The  oiovements  of  articulation  are  rejiru- 
lated  by  the  facial  and  hypoglossal  nerves ;  while  vocalization  is  under 
the  control  of  the  pneumo^faatric. 

Cwtnection  with  Deglvliiion. — The  act  of  deglutition,  which  com- 
mences in  the  fauces  and  pharynx,  is  continued  and  completed  by  the 
lower  portion  of  the  pharynx  and  by  the  (esophaj^us.  These  parts 
receive  both  their  sensitive  and  motor  filaments  from  the  pneumog-astric 
nerve,  and  under  its  inliueuce  the  food,  once  started  on  its  downward 
PftSBage,  is  conducted  by  the  peristaltic  action  of  the  oesophagus  into 
the  Btomach. 

The  inferior  constrictor  of  the  pharynx  and  the  cervical  portion  of 
the  ojsophajfus  both  receive  filaments  from  the  inferior  laryngeal  nerve; 
while  the  thoracic  portion  of  the  oesophagus  is  supplied  from  the  trunl( 
of  the  pneumogastric.  Deglutition,  therefore,  l>ecomes  incomplete,  as 
shown  by  Bernard  in  dogs,  horses,  and  rabbits,  by  division  of  the 
pneumogastric  nerves  in  the  neck.  The  masticated  food  is  still  con- 
veyed by  the  pharynx  from  the  fnuees  to  the  oesopbagaB;  but  here  it 
accumulates,  distending  the  walls  of  the  paralyzed  canal,  and  finding 
its  way  into  the  stomach  only  in  small  quantities  under  the  pressure 
from  alx)ve.  The  normal  process  of  swallowing  is  ueeumpHshed  by 
a  series  of  contractions,  beginning  at  the  fauces  and  ending  at  the 
stomach.  Each  portion  of  the  mucous  membrane  receives  in  turn  a 
stimulus  from  the  contact  of  the  food,  followed  by  excitement  of  the 
Corresponding  muscle ;  so  that  the  alimentary  mass  is  carried  rapidly 
downward  by  reflex  lU'tion,  independent  of  voluntary  control.  Section 
of  the  pneumogastric  nerves  destroys  sensibility  and  motive  power 
in  the  oesophagus,  and  consequently  Interferes  with  deglutition. 

Protection  of  the  Olodis  in  De(jlulition. — As  the  larynpreal  orifice 
comuiuuicatcs  directly  with  the  cavity  of  the  pharynx,  and  as  all  soiids 
and  liquids,  in  swallowing,  pass  over  its  surface,  portions  of  the  food 
would  find  their  way  into  the  larynx  unless  there  were  some  means  for 
its  protection.  The  eyuglottis,  Avhich  stands  in  front  of  the  glottis,  ond 
shuts  over  it  like  a  cover  w  hen  the  tongue  is  drawn  back  in  degluti- 
tion, might  seem  to  bo  a  safeguard  in  this  respect. 

But  experience  shows  that  this  organ  is  not  essential  to  protect  the 
glottis  in  deglutition.  It  may  be  completely  excised,  in  dogs,  without 
any  subsequent  difficulty  in  swallowing  either  liquid  or  solid  food. 
The  epiglottis,  furthermore,  exists  only  in  mammalians,  being  absent 
in  all  other  vertebrate  animals.  Finally,  the  epiglottis  does  not  pre- 
,  vent  foreign  substances  passing  into  the  larynx  when  the  other  con- 
H     ditious  of  normal  deglutition  are  disturb'd.     The  protection  of  the 
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glottis  against  the  entrance  of  food  does  not  depend  on  a  mccbani- 
(ml  obstacle,  but  od  a  special  association  of  nervous  acts. 

The  firnt  requisite  for  swallowing  is  the  sugfiengion  of  respiration. 
This  tabes  place,  at  the  heginniag  of  dejflutition,  by  an  influence  desig- 
nated as  the  "action  of  arrci^t."  The  t;anie  nervous  impression  which 
excites  contraction  of  the  pharynx,  suspends  for  a  time  the  movement 
of  inspiration , 

The  effect  of  this  arrest  is  to  prevent  the  opening  of  the  glottis. 
As  the  respiratory  movements  of  the  glottis  are  coincident  with  those 
of  the  clii'st,  and  are  excited  by  the  same  nervous  influence,  the  impres- 
sion which  puts  a  stop  to  one  also  suspends  the  other.  The  glottis 
consequently  not  being  opened  when  food  enters  the  pharynx,  its 
liability  to  admit  any  portion  of  the  alimentary  mass  is  considerably 
diminishfd.  But  it  is  furthermore  completely  closed  by  the  inferior 
constrictor  of  the  pharynx,  the  most  active  muscle  in  the  apparatus  of 
deglutition ;  since  the  fibres  of  this  muscle  are  attached  to  the  exter- 
nal surface  and  borders  of  the  thyroid  cartilage,  thus  compressing  the 
larynx  on  both  sides  at  the  instant  uf  deglutition.  By  this  means  the 
glottis  is  protected,  as  in  birds  and  reptiles,  even  where  an  epigiottia  is 
wanting. 

The  accident  by  which  food  or  foreign  substances  sometimes  gain 
access  to  the  larynx,  in  man,  is  always  caused  by  a  suddeu  attempt  at 
inspiration.  This  cannot  take  place  during  deglutition  in  the  ordinary 
state  of  the  nervous  system ;  but  it  may  be  produced  by  any  unex- 
pected shock  or  excitement  which  disturbs  the  coordination  of  the 
reflex  actions.  Such  a  shock  usuully  causes,  as  its  first  effect,  a  spas- 
modic inspiration ;  and  if  this  take  place  while  food  is  passing  through 
the  pharynx,  a  portion  of  it  finds  its  way  through  the  open  orifice  of 
the  glottis  into  the  larynx. 

Cotrnecfion  with  Sfomach  Difjestion. — The  effect-  produced  on  the 
stomach  by  division  of  the  pncuniogastric  nerve  sho%vs  that  its  infln- 
enep  on  this  organ  is  mainly  similar  to  that  which  it  exerts  on  the 
oesophagus;  that  is,  it  supplies  the  mucous  memV>r«ne  with  a  special 
sensibility  to  the  contact  of  food,  and  provides  for  the  peristaltic  action 
of  the  mu.'iculnr  coat.  After  section  of  both  pneumogastric  nerves  in 
the  neck,  the  sensations  of  hunger  and  thirst  remain;  the  animals 
often  exhibiting  a  desire  for  food  and  drink,  which  they  sometimes  take 
in  considerable  quantity,  though  but  b'ttle  roaches  the  stomach,  owing 
to  the  i)anitysis  of  the  fesophagus.  In  the  experiments  of  Bernard  on 
dogs,  the  secretion  of  gastric  juice  was  suspended  after  this  operation, 
and  food  introduced  into  the  stomach  through  a  gastric  tistula  remained 
undigested.  But  Longet  found  that  if  the  food  were  introduced  only 
in  small  quantity,  it  might  eausL-  the  secretion  of  gastric  juice,  and  he 
finally  digested.  This  indicates  that  .secretion  and  digestion  in  the 
stomach  are  not  immediately  under  the  control  of  the  pneumogastric 
nerve,  but  that  after  its  section  they  become  practically  suspended^ 
owing  mainly  to  paralysis  of  the  muscular  coat. 
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EiseoTding  to  Bernard,  tlie  finerer,  if  introdut-ed  into  the  stomach 
through  a  gastric  fistula  in  a  healthy  dop.  is  compressed  with  considera- 
ble foree  by  the  walls  of  the  or>^an  ;  hut  this  pressure  disappears  com- 
pletely on  division  of  the  pneumojfastric  nerves.  The  absence  of  mus- 
cular action  in  a  paralyzed  stomach  is  sufficient  to  account  for  the  failure 
of  dig:estion.  This  action  is  necessary  to  brin^  successive  portions  of  the 
food  in  contact  with  the  mucous  membrane,  and  for  the  thorough  admix- 
ture of  ^stric  juice  with  the  alimentury  muss.  Tlw  pncumo^astric 
nerves  therefore  supply  to  the  stomach  a  sensibility  and  motor  power, 
which  are  practically  essential  to  the  dijpestive  procesa. 

Fnfluence  on  the  Heart. — The  pneumofrastrjc  filaments,  destined  for 
distribution  in  the  heart,  are  partly  derived  from  its  superior  laryngeal 
branch,  whence  they  join  the  upper  cardiac  nerve  coming  from  the 
superior  cervical  ganglitui  of  the  sympathetic.  Others  are  furnished 
by  the  trunk  of  the  pneumofi^astric  in  the  neck,  which  inosculates  with 
the  continuation  of  the  up|>«T  cardiac  nerve.  The  inferior  laryngeal 
branch,  during  its  reasceuding  course,  supplies  so  many  filaments  to  the 
aame  plexus  that,  according  to  Cruveilhier,  it  sometimes  appears  dis- 
tributed in  almost  equal  proportions  to  the  larynx  and  to  the  heart. 
Finally  other  small  brancljcs  nf  the  pneuuiogastric  in  the  chest  lose 
themselves  at  once  in  the  cardiac  [th^xus,  beneuth  the  arch  of  the  aorta. 
All  the  filaments,  accordingly,  fiually  reaching  the  heart  through  the 
cardiac  plexus,  originate  either  from  the  sympathetic  or  the  pncumo. 
gastric ;  an«l  the  entire  group  is  characterizi'd  by  the  frequent  and  inti- 
mate admixture  of  fibres  from  those  two  sources. 

The  effect  produced  on  the  heart  by  irritation  of  the  pneumogastric 
is  precisely  the  opposite  to  that  usually  caused  by  irritating  the  nerves 
of  a  muscular  organ.  If  tin*  beiii't  Ik-  vxposed  in  a  warm-Ulorided  quad- 
ruped by  opening  the  chrst,  and  the  circulation  mainlaiiicd  by  artificial 
respiration,  the  action  of  the  pneumogastric  may  he  ."studied  by  apply- 
ing to  its  trunk  the  poles  of  a  galvano-foradic  apparatus.  On  stimu- 
lating the  nervt'  iu  this  way  with  an  interrupted  current  of  moderate 
strength,  the  first  visible  efl'ect  is  a  diminution  in  frequency  of'  the  car- 
diac pulsations.  If  the  intensity  of  the  current  be  increased,  the  heart 
acta  still  more  slowly;  and  with  a  further  increase  of  intensity  it  stops 
altogether. 

When  the  faradization  of  the  nerve  is  suspended,  the  cardiac  pulsa- 
tions recommence  ;  and  this  may  he  repeated  for  many  successive  trials. 

There  are  three  important  facts  to  be  noted  in  regard  to  these  phe- 
nomena : 

I.  When  the  heart  cea.*^s  to  move,  under  the  faratliiation  of  the 
nerve,  it  stops  in  the  condition  of  muscular  relaxation.  It  lies  flaccid 
and  motionless,  while  its  cavities  are  slowly  filled  with  blood  returning 
from  the  venous  system.  On  stopping  the  faradization,  on  the  other 
hand,  the  first  sign  of  activity  in  the  heart  is  a  normal  putsatton. 
Stimulation  of  the  pneumogastric  nerve,  accordingly,  tends  to  arrest 
the  muscular  action  of  the  heart. 
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IL  If  the  pneumopastric  nerve  be  divided,  and  the  faradic  carrenl 
applifd  to  its  central  extremity,  the  heart's  pulsations  are  not  inter- 
rupted; but  whon  the  current  is  applied  to  the  peripheral  extreinity 
the  nerve,  they  cease  as  before.  The  iiitluence  therefore  irfaicb  arrest 
the  heart's  action,  under  stimulation  of  the  pneumogastric,  is  not  a 
centripetal  influence,  operating-  ihrouj^h  the  nervous  centres ;  Jt  is  ■ 
centrifugal  innuence,  passing  &om  above  downward  through  ibu  pncu- 
mogni^tric  to  the  heart. 

in.  After  stimulating  the  pneumogastric  nerve  with  a  current  suffi- 
cient to  stop  the  cardiac  pulsations,  if  the  current  be  continued  the  heart 
does  not  remain  motionless.     At  the  end  of  ten  or  fifteen  seconds  il 
performs  a  beat.     A  little  later  ihiti  is  repeated,  and  the  pulsatioiis  th« 
recur,  with  increasing  frequency,  until  their  normal  rate  is  ro^ 
lished,  notwith.standing  the  eonlinueil  faradization  of  the  ntTve.     Tlii^^ 
shows  that  the  nervous  action  which  arrestis  the  heart   is  exhausted 
after  a  certain  time.     If  the  gtimulation  be  now  applied  to  the  pnei 
mogastric  nerve  of  the  opposite  side,  the  heart  stops,  as  before.     Tl 
heart,  accordingly,  is  still  sensitive  to  the  action  of  arrest ;  it  is 
nerve  only  which,  by  continued  excitement,  loses  the  power  of  exectii 
this  action.    But  after  a  pneumogastric  nerve  has  been  thus  exhaUBtei^' 
«o  that  it  no  longer  retards  the  cardiac  pulsations,  if  allowed  to  rrpoee 
for  a  time,  and  again  stimulated,  it  again  stops  the  heart ;  showing 
that   it  has  recovered  the  power  which  it  had  temporarily  lohL     la 
these  respects,  the  influence  of  the  pneumogastric  nerve  on  the  hea 
resembles  that  of  a  motor  nerve  on  the  muscles  of  the  limbs. 
diflVrence  between  the  two  is  in  their  effect.    An  ordinary  motor  nerrt 
when  stimulated,  causes  contraction  of  the  corresponding  muscle;  stiiiia>^ 
lation  of  the  pneumogastric  nerve,  as  connected  with  the  bciirt, 
relaxation. 

EleTenth  Pair.    Hie  Spinal  Accessory. 

This  nerve,  so  named  from  its  spinal  origin  and  subsequent 
tiou  with  the  cranial  nerves,  consists  of  filaments  emerging  frocol' 
cervical  portion  or  the  spinal  cord,  from  the  level  of  the  fourth  or 
fifth  cervical  nerve  upward  (Fig.  121,  t).  They  unite  into  a  sleudofj 
cord,  which  ascends  between  the  anterior  and  posterior  roots  of 
cervical  spinal  nerves,  to  the  foramen  magnum,  where  it  enters  the 
cranial  cavit)-.  Here  it  receives  a  new  supply  of  root  fibres  from  the 
medulla  oblongata,  arranged  in  a  continuous  line  with  those  of  the 
pneumogastric.  The  nerve  trunk,  thus  constituted  by  the  union  of  its 
spinal  and  medullary  roots,  accompanies  the  pneumogastric  and  glod- 
Bopharyngeal  nerves  in  their  passage  through  tlie  jugular  foramen. 

The  centra!  origin  of  this  nerve  is  a  collection  of  nerve  cells  situated 
in  the  upper  portion  of  the  spinal  cord  and  the  medulla  oblongata, 
•on  the  outer  and  posterior  aspect  of  the  anterior  horn  of  gray  suK- 
stance.  Prom  this  source  its  fibres  curve  downward  and  outwi 
their  point  of  emergence  on  the  lateral  surface  of  the  medulla. 
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While  passing  through  the  jugular  foramen,  the  Bpinal  atcessory 
becomes  adherent  to  the  jugular  ganglion  of  the  pneumogastric,  but 
.^rithout  taking  part  in  its  formation,  except  liy  furnishing  one  or  two 
■mail  filaments  of  communication.  Immediately  after  its  exit  from  the 
foramen  it  divides  into  two  main  braoehes;  namely,  Ist,  the  internal, 
or  anastomotic  branch,  which  joins  the  trunk  of  the  pneumogastric, 
and  iJdly,  the  external,  or  muscular  branch,  which  passes  downward 
and  outward  and  is  distributed  to  the  sterno-mastoid  and  tra}teziug 
muHcles.  According  to  many  observers  (Bernard,  Cruvoilhier,  Henle, 
lionget)  the  internal  or  anastomotic  branch  it?  made  up  of  fibres  from 
the  medulla  oblongata;  the  external  or  muscular  branch  consists  of 
those  originating  from  the  spinal  cord. 

The  spinal  accessory  is  without  question  a  motor  nerve.  According 
to  Bernard  and  Longet,  mechanical  or  galvanic  irritation  applied,  within 
the  cranium,  to  the  wjotral  extremity  of  the  divided  nerve,  causes  no 
indication  of  sensibility.  On  the  other  hand  its  iibres  may  be  traced 
in  great  part  directly  to  their  termination  in  muscular  tissues,  and  its 
division  or  evulsion  induces  eflfects  which  consist  exclusively  in  the  loss 
of  motive  power. 

The  most  complete  method  of  experimenting  on  this  nerve  is  that 
adopted  by  Bernard,  namely,  its  evulsion.  For  this  purpose,  the  mus- 
cular branch  of  the  nerve  is  foHowed  by  dissection  to  its  point  of 
emergence  from  th<'  jugular  canal,  wh<!re  it  separates  from  the  anas- 
tomotic branch.  The  muibiiied  trunk  is  then  seized  between  the 
blades  of  a  forceps,  and  by  steady  and  eontinuous  traction  the  whole 
nerve,  with  its  medullary  and  spinal  roots,  may  he  extracted  entire.  By 
appropriate  variations  of  the  procedur**,  either  the  medullary  portion 
with  the  anastoniatic  branch,  or  the  cerviral  portion  with  the  external 
branch,  may  lie  remtived  .^-parately,  and  the  comparative  eflects  of  the 
two  operations  observed.  But  when  the  whole  trunk  is  extracted  as 
above,  all  its  fibres,  Loth  anastomotic  and  muscular,  are  destroyed  at 
the  same  time. 

The  most  striking  effects  of  this  operation  are  those  due  to  paralysis 
of  the  internal  or  anastomotic  brunch.  From  this  branch  the  pnea- 
mogastric  nerve  receives  a  large  share  of  its  motor  fibres.  According 
to  Cruveilhter,  the  pharyngeal  filament  is  sometimes  given  off  exclu- 
sively from  the  anastomotic  branch  of  the  .'Spinal  accessory,  sometimes 
partly  from  this  branch  and  partly  from  the  pneumogastric.  Beyond 
thia  point,  the  fibres  of  the  pneumogastric  nerve  derived  from  the  spinal 
accessory  can  no  longer  he  followed  by  dissection  ;  but  the  results  of 
experiment  show  that  they  are  finally  distributed,  through  the  inferior 
laryngeal  branch,  to  the  muscles  of  the  larynx,  where  they  preside  over 
its  action  as  a  vocal  organ. 

After' evulsion  of  the  spinal  accessory  nerve  on  both  sides,  the  most 
notic<L"ablf?  result  is  hms  (*f  power  to  produce  vocal  sonvd».  The  respi- 
ratory movements  of  the  glottis  are  not  interfered  with  ;  but  the  voice 
is  completely  lost,  as  much  so  as  if  the  inferior  laryngeal  nerves,  or 
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'2t*^  pa.i*i3b:tf*»n"!c  trinks  "aenLseirw.  had  bi?ea  divided.  The  total 
r^;:l"  la  ~.:ik  "tf  :  -xs**-?.  anwTjver.  L*  very-  diiferent-  Section  of  the 
pce':^':'ri.-rrj>.  ir  if  th«fir  Larerlor  Iar7a.2'p«I  bruiches.  paralyzes  all 
•.\iK  :!!.•: r-'TZK^iZs  :t  -.ht^  rliird*.  dio^e  of  nh^pirstioa  as  well  as  those  of 
Zic^c^rL'  c;  <z.f^  -h»t<t  3»^rr.»*  ooatain  aQ  the  motor  fibres  distributed 
'o  :it-  jirrn.  riiiepc  zht-Mna  for  che  eruM-thjToid  mascles.  On  the  other 
r.:ii'i  eT-il-i.iG.  ,f  -a«j  jpLzal  aae?ia4>ry  a^^rve*  paralvze:^  the  movements 
:*  pii'.!:Ar;:a  4L»".q«-.  oaai'riv,  uin^ie  La.  which  the  vocal  chords  are  approxi- 
rr-a'rii  ic-i  ^h**  r::ia  ri':cn»iis  namwed :  learin^  antoacbed  the  move- 
t^-rr.*'  ■  f  r^p-lriT::-a.  b.  -jrhiTh  die  v-x-ai  ohonis  are  separated  and  ttw 

Te.^  larvni.  ii^i^ir-iirizlv.  perf'>nns  two  distinct  functions,  and  is  snp- 
j.-ir'i  "arlrh  t^^^>^.<-^r  iirnr**  fr-m  two  dil&rent  sources.  Those  which 
pr*-i'i«^  over  the  pr'-iTnition  •■•{  sonnd  on:nnate  from  the  spinal  aoce&- 
r^jT}-;  rho-^  for  r^-^irari.  q  arv-  'ierived  from  other  motor  nerves  (facial, 
hyfK>ifl'.--al.  c*rvi«^dl »  whi-rh  aLso  eonmianicait^  with  the  pneumogastrics. 

Thf:  function  of  th»;  ^j-s-frnal  or  maacolar  branch  of  the  spinal  aocw- 
.-ory  n*-rv*-  i-  a'>t  ->  fully  an»i?rsto«>L  The  stemomastoid  and  tr^ 
f»'-zii.r  rna-«:l»-.  to  which  it  is  distributed,  also  receive  filaments  from 
th*r  c*.-rvioal  .-piaal  n-^rve*:  and  they  still  retain  the  power  of  motion 
aft*r  *-viiI-iori  of  ih^  spinal  ao«s#">ry  on  both  sides.  The  stemo* 
rwA'toul  and  trap»fziii-^  mufclie--^  have  no  sueh  peculiar  action  as  that 
of  th'-  larynx  in  vocalization :  and  it  is  not  easy  to  distin^ish  what 
rnov»-mfntn  of  thf-r**  niu,-<-Ie>  are  paralyzed  by  division  of  the  spinal 
fnf'(.-i>ry,  and  what  n-main  unaffected.  The  most  plaasible  conclasions 
ar'-  tho-'-  ilfTivcd  by  Bernard  from  the  continued  observation  of  animab 
ftff^r  'livl-ion  of  th'-M*  nt-rvfs. 

A'^or'lirijr  to  thl-  vi«'\v.  the  external  branch  of  the  spinal  accessory, 
lik«-  th<-  intcrriiil  branch.  p(*rfrjrm<a  function  antagonistic  to  respiration. 
|{<-|iir!)fion  i-  naturally  suspended  durinjur  strenuous  and  prolonged 
niu  'iiliir  effort.  In  the  act.-?  of  straining,  liftine.  pushing-,  and  the 
like,  r«-|»iration  eea.-cs,  the  spinal  column  is  made  rigid,  and  the  head 
Hfid  n"k  are  fi.v'cd  in  po.-ition  largely  by  means  of  the  stemomastoid 
a  fid  fi!i  [)«■/]  II -i  inii.-cjf-.  Siu'h  efforts  cannot  be  made  with  success  if 
the  e  fiHi  f|e-  be  paralyzed.  Acrording  to  Bernard,  they  also  take  part 
in  tlie  production  rif  a  cry,  f»r  prolong«'d  vocal  sound.  After  destrac- 
lioii  of  file  entire  spinal  accessory  the  voice  is  completely  abolished  br 
|i.'ir!il\  i  of  I  lie  laryngeal  muscles.  If  its  external  branch  alone  be 
divirled,  I  be  iitiimal  can  still  produce  a  vocal  sound;  but  this  sotmd 
rrannot  be  prolonjred  into  a  cry,  and  the  voice  is  confined  in  duration 
l<»  tbe  ordinary  lengib  of  an  «'xpiratory  movement.  Although  the 
animals,  fiirt  bertiiore,  are  apparently  not  otherwise  inconvenienced  by 
this  operation  so  long  as  they  remain  quiet,  any  increased  exertion,  as 
in  running  or  leaping,  causes  a  want  of  harmony  between  re:»^iration 
and  muscular  acti(ui,  which  resultH  in  shortness  of  breath. 

The  slernomastoid  and  trapezius  muscles,  like  those  of  the  larynx, 
are  therefore  animated  by  two  sets  of  motor  fibres.     Those  coining 
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from  the  cervical  spinal  nerves  provide  for  the  ordinary  movements  of 
locomotion  ;  those  dorivtd  from  tlie  i<pinal  accciJHory  »upi>ly  the  jstimu- 
lus  for  continuous  muscular  exertion,  or  for  a  prolonged  vocal  sound. 

Twelfth  Pair.    The  Hypoglossal. 

The  hypo^los.sal  nerve,  or  the  motor  iirrve  of  the  tongue,  emerges 
from  the  anterior  part  of  thi-  mfdulla  oblongata  by  ten  or  twelve 
slender  filament.'^  between  the  anterior  pyramids  and  the  olivary  bodies 
(Fig.  127,  i),  on  a  line  with  the  antt-rior  roots  ol  the  cervical  spinal 
nerves. 

The  central  origin  of  these  fibreis,  according  to  Clarke,  Dean,  KfJlliker, 
fienle,  and  Meyiiert,  ifi.  u  nucleus  of  gray  subst«nce  in  the  posterior 
part  of  the  medulla  oblongata  next  the  median  line,  at  the  inferior  ex- 
tremity of  the  fourth  ventricle.  It  has  an  elongated  form,  extending 
from  the  divergence  of  the  postt^-rior  columns  upward  and  forward  to 
the  level  of  the  auditory  nucleus.  It  in  parallel  in  position  with  the 
spinal  accessory  aud  pueumogat^tric  nuclei,  but  situated  between  them 
and  the  median  line. 

During  the  passage  of  the  hypoglosHal  nerve  roots  through  the 
medulla  oblougata,  they  reach  the  inner  surface  of  the  olivary  iiucleuH, 
and  pass  in  great  measure  between  the  folds  or  through  thi'  substance 
of  its  convoluted  wall.  It  is  bhown  by  Dean*  that  although  u  direct 
continuity  between  the  root  fihre><  of  the  nerve  ai»d  the  cells  of  the 
olivary  nucleus  i-annot  be  dennmsiruted,  yet  prolongations  of  these 
colls  can  sometimes  bt?  traced  upward  and  inward,  in  company  with 
the  nervo  roots,  toward  the  hypoglosr;al  nucleus ;  and  in  the  sheep, 
the  tracts  of  fd>res  connectinir  the  two  nuclei  are  very  evident.  Accord- 
ing to  Henle,  in  sonic  transverse  sections  Jhrnugh  the  olivary  body 
fibres  from  the  hypogJussal  nerve  roots  may  be  seen  bending  round 
the  inner  border  of  the  nucleus  into  its  interior;  while  others  emerge 
in  a  corresponding  manner  from  the  opposite  border  and  continue  on- 
ward, with  the  niuiii  ru<i(-biindles,  to  the  hypoglossal  nucleus.  Allbouijrh 
the  minute  uniitouiieal  strueiure  of  these  parts  i^  not  fully  made  out,  it 
is  evident  that  a  close  relation  exists  between  the  gray  substance  of 
the  olivary  bodies  and  the  hypoglo.ssal  nucleus  and  roots. 

Kulliker  regards  the  roots  of  the  hyp(>glo>sal  nerves  as  undergoing 
oomplete  decussation  through  the  ra[»he,  at  the  level  of  the  nuclei. 
According  to  Clarke  and  Dean,  a  portion  of  the  (ibres  of  each  root  ter- 
minate in  the  corresponding  nucleus,  while  another  portion  decussate 
with  those  of  the  opposite  .side.  It  is  certain  that  the  hypoglossal,  like 
other  cranial  nerves,  has,  in  some  way.  a  connection  with  the  oppo-ite 
side  of  the  brain  ;  since  cases  of  facial  paralysis  from  cerebral  hemor- 
rhage are  often  accompanied  by  paralysis  of  the  tongue  on  the  same 
side  with  that  of  the  face,  and  opposite  to  the  lesion.    One  of  the  genio* 
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hyoglossal  musclea  having  lost  its  power,  while  the  other  remains 
active,  the  point  of  the  tongue,  when  protruded,  deviates  toward  the 
paralyzed  side. 

After  leaving  the  medtilla  oblongata,  the  fibres  of  the  hypoglosHJ 
uorve  liefonii'  j)arunel  with  each  other,  and,  passing  through  the  aotfwj 
rior  ("ondyloid  foramen,  emerge  from  the  skull  in  the  form  of  a  cyUi 
drical  cord,     immoiliately  l>eyond  this  point  it  presents  one  or  twrf 
bran(!hi's  of  eoriiinimicatioti  with  the  pneumogastric,  where  it  croasct-' 
the  track  of  this  nerve.    According  to  Cruveilhier,  these  branches  con- 
sist of  fibres  from  the  hypoglossal  nerve  which  join  those  of  the  pneu- 
mogastric,  and  run  with  them  in  a  peripheral  direction.     The  hypo.j 
glossal  nerve  theu  pasfses  downward,  nearly  to  the  level  of  the  hyoi< 
bone,  where  it  curves  forward,  giving  filaments  to  the  styloglossal  and 
hyoglossal  muscles,  and  to  those  inunediatoly  beneath  the  hyoid  bone; 
after  which  it  turns  upward,  penetrating  the  tongue  from  below,  inc 
culntf's  with  the  lingual  branch  of  the  fifth  pair,  and  is  finally  distributed^ 
to  the  muscles  of  the  tongue.     It,  therefore,  animates  not  only  the  lin- 
gual muscles  proper,  but  also  those  which  draw  the  tongue  backward] 
and  upward  (styloglossal),  and  backward  and  downward  (byogloasal' 
and  infrahyrtid  niUKcIes).     It  also  receives  filaments  from  the  first  and 
second  cervical  nerves,  which,  according  to  Cruveilhier,  are  fibres  of 
reinforcement,  accompanying  the  hypoglossal  nerve  to  its  peripheral 
termination. 

Phtjmdoffual  Properties  of  the  Hypoglossal  Nerve, — The  motor. 
character  of  this  nerve  is  easily  established  by  the  results  of  its  irrit^l 
tioQ  and  division.    If  it  be  exposed,  either  in  the  living  or  the  recently- 
killed  anima!,  where  it  runs  parallel  to  and  a  little  above  the  hyoid 
bone,  its  irritation  produces  immediate  convulsive  action  of  the  tongue.  1 
The  same  efleet  follows  irritation  applied  to  the  peripheral  extremity 
of  the  divided  nerve  j  showing  that  the  contractions  thus  produced  are, 
not  reflex,  but  due  to  a  direct  stimulus  conveyed  through  the  nerve  to 
the  tongue.      Whether  the  nerve  possess  also  sensitive  fibres  of  its] 
own  is  not  certain.      Longet  obtained  in  this  respect  only  negative 
results ;  the  division  of  the  nerve  roots  in  dogs,  between  the  occipul] 
and  the  atlas,  not  producing  perceptible  signs  of  pain.     Outside  the] 
cranial  cavity,  according  to  nearly  all  experimenters,  it  possesses  some^ 
degree  of  sensibility  \   but  this  is  probably  derived,  by  inosculation, 
from  the  first  and  second  rervjcal  nerves  near  the  base  of  the  skull,  and 
from  branches  of  the  fifth  pair  near  its  terminal  distribution.    Whatcvef  1 
sensibility  it  may  possess  is  destined  only  for  the  muscular  substance | 
of  the  tongue,  and  not  for  its  nuicoua  membrane;  since  division  of  the  J 
lingual  branch  of  the  fifth   pair  and  of  the  glossopharyngeal  nerve] 
destroys  sensibility  over  the  whole  surface  of  the  organ,  though  the' 
hypoglossal  Ix^  untouched;  and  secondly,  the  tongue  evinces  its  onii- 
nary  sensibility,  according  to  Longet,  after  the  division  of  both  hypo* 
glossal  nerves. 

The  uniform  result  of  section  of  both  hypoglossal  nerves  ia  lose 
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of  muBCular  power  in  the  tongue,  while  its  tactile  and  gustatory  sen- 
sibilitiea  are  preserved.  In  the  experiments  of  Panizza  and  Longet, 
the  animals  aftor  this  operation  were  unable  to  move  the  tongue  in 
any  direction ;  and  in  mastication  it  was  liable  to  Ikj  caught  and 
wounded  by  the  t^etb.  It  was  therefore  reduced  to  a  helpless  condi- 
tion, by  division  of  its  motor  nerves. 

Connection  ttrilh  Mastication  and  Deglutition. — Although  the  move- 
ments of  the  tongue  take  no  direct  part  in  mastication,  they  are  yet 
essential  to  its  performance,  by  bringing  successive  portions  of  the  food 
between  the  teeth  and  removing  those  which  have  undergone  tritura- 
tion. In  animals  whii'h  introduce  liquids  into  the  mouth  by  lapping, 
this  act  also  l>ecomi'.s  impossible  alter  sootion  of  the  hypoglossal  nerves. 
The  action  of  the  lingual  muscles  is  practically  of  so  much  importance 
that,  according  to  Longet.  it  requires  great  expenditure  of  time  and 
patience,  in  keeping  animals  with  paralysis  of  the  tongue,  to  supply 
them  with  sufficient  nourishment  for  tho  support  of  life. 

Connection  with,  Artie  Illation. — In  man,  another  function  performed 
by  the  tongue  is  that  of  articulation.  As  the  lingual  muscles  are  im- 
portant for  the  pronunciation  of  all  consonants  except  the  labials  (6, 
m,  p)  and  the  labio-dcntiils  (  /',  v),  as  well  as  for  that  of  the  vowels,  a, 
e,  i,  and  y,  their  paralysis  produces  a  ncarh'  complete  incnpacity  of 
articulation.  In  man,  disease  or  injury  of  tho  hypoglossal  nerve  alone 
IB  a  rare  oocnrrence,  and,  when  it  exists,  is  almost,  invariably  confined 
to  one  side.  In  glosso-labio-laryngcal  paralysis,  from  legion  of  the 
medulla  oblongata  (p.  445),  the  disease  is  of  central  origin,  and  affects 
other  muscles  as  well  as  those  of  the  tongue.  In  these  cases,  however, 
the  imperfect  action  of  the  lingual  muscles  is  an  early  sign  ;  and  when 
the  disease  is  fully  developed  and  the  tongue  completely  paralyzed,  all 
power  of  articulation  is  lost. 

The  hypoglossal  nerve,  accordingly,  tfiough  one  of  the  simplest  of 
the  cranial  nerves  in  its  physiological  endowments,  is  important  as  an 
aid  in  mastication  and  deglutttiou,  and  essential  for  the  production  of 
articulate  speech. 
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atcd  beucath  the  base  of  the  skull,  on  the  inner  side  of  the  inferior 
illary  division  of  the  fifth  pair.     It  receives  RIamentH  of  communic 
from  the  carotid  pJexiis ;  a  motor  root  from  the  facial  hy  the  small 
ficial  petrosal  nerve,  as  well  as  one  or  two  short  fibres  from  the 

rior    maxillary   division   at 
I''"-  1-^-  fifth  pair;   and   a   - 

from  the  glossophai; 
nerve  of  JacobsoQ.     It- 
are  sent  to  the  intcrn:ii   mu- 
of  the  nuilleus  iu  the  middle 
(tensor  tympani),  to  the  circoi 
flexuB  palati,  and  to  the  mucoi 
membrane  of  the  tympaaum  aod 
Eustachian  tulx'. 

The  continuation  of  th^ 
pathetic  nerve  in   the  neck  con 
ftists  of  two  and  sometimes  thr 
panplia,  the  superior,  middle, 
inferior,     communicatinp      wil 
each  other  and  the  cervical  spir 
nerves.     It«  filamentB  follow  it 
course  of  the  carotid  artery  an 
its    br (inches,  formin*r    by  tbej 
inosculations   the   corre*-pondii 
arterial  plexuses,  and  supplylc 
fibres  of  distribution  to  the  tb] 
roid   jiland.  the   larynx,  tracbe 
pharynx,  and    oesophag-us,      Bj 
the    saperior,  middle,  and  infis 
rior  cardiac   nerves  it  also  sai 
plies  fibres  to  the  cardiac  plea 
and  through  it  to  the  heart. 

In  the  chest,  the  commun]c»>_ 
tions  of  the  sympathetic  g^ngli^ 
with  the  spinal  nerves  are  douh|i»| 
I'ach  piu^Iion  receiving'  two  fili 
ments  from  the  intercostal  ners 
next  above  it.  The  nerves  gri| 
inating  from  the  ganglia  are  dii 
tributcd  to  the  plexuses  on 
thoracic  aorta,  and  to  those  of  the  lungs  and  oesophagus. 

In  the  alwiomon,  the  sympathetic  system  consists  mainly  of  an  Hggn- 
gation  of  ganglionic  enlargements  .situated  on  the  coeliac  artery,  kno^ 
as  the  nemiiitnar  or  crrliac  (janfjHon.     From  this  centre  a  multitu^ 
of  diverging  and  inosculuting  branchea  are  sent  out,  which,  from  th« 
common  origin  and  radial  lug  course,  are  termed  the  "solar  plexus 
Its  secondary  plexuses,  accompaDying  the  branches  of  the  abdomi 
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snria,  are  distributed  to  the  stomach,  intestine,  spleen,  pancreas,  liver, 
kidneys,  pupra-renal  capsules,  and  internal  organs  of  jt^eneratiou. 

I  In  the  pelvis,  there  are  four  or  five  pairs  of  ganglia,  situated  on  the 
anterior  aspect  of  the  sacrum,  and,  at  its  lower  extremity,  the  "  gan- 
glion impar,"  which  is  regarded  as  a  fusion  of  two  symmetrical  ganglia. 

I  In  all  these  parts  a  main  characteristic  of  the  sympathetic  nerves  is 
tbeir  arrangement  in  the  form  of  plexuses,  which  surround  the  arterial 
hranches,  and  follow  their  peripheral  distribution  in  the  vascular  organs. 

I  Sensibility  and  Motor  Power  in  the  Sympathetic  System. 

The  sympathetic  ganglia  and  nerves  are  endowed  both  with  sensi- 
bility and  the  power  of  exciting  motion  ;  but  these  properties  are  less 
active  than  in  the  cerebro-spinal  system,  and  are  exercised  in  a  different 
manner.  If  a  motor  or  sensitive  spinal  nerve  be  irritated  by  the 
gulvanic  current,  the  evidences  of  pain  or  of  muscular  reaction  are 
(decisive  and  instantaneous.  There  is  hardly  an  appreciable  interval 
between  the  application  of  the  stimulus  and  the  sensation  or  motion 
which  results.  But  in  ex|>eriments  on  the  sympathetic  nerves,  evi- 
I  dences  of  sensibility,  when  manifested,  are  much  less  acute,  and  show 
themselves  only  after  prolonged  application  of  the  exciting  cause. 

The  same  character  is  exhibited  in  their  motor  action.  If  the  semilunar 
ganglion  or  its  nerves  be  galvanized,  no  immediate  effect  is  visible ;  but 
after  a  few  seconds  a  slow,  progressive,  vermicular  contraction  takes 
place  in  the  intestine,  and  continues  for  some  time  after  the  galvaniza- 
tion has  ceased. 

Connection  with  the  Special  Senses. — In  the  head,  the  sympathetic  has 
an  important  connection  with  the  special  senses.  This  is  especially 
noticeable  in  the  eye.  from  influences  regulating  the  movements  of 
the  pupil.  The  reflex  action,  by  which  these  movements  take  place, 
is  transmitted  by  the  oculoniotorius  nerve  to  the  ophthalmic  ganglion, 
and  thence  by  the  ciliary  nerves  to  the  muscular  fibres  of  the  iris. 
The  movements  of  the  iris  exhibit  consequently  a  somewhat  slug- 
character,  which  indicates  the  intervention  of  the  sympathetic 
iim.  They  do  not  t^ike  plw.'e  instjintaneotisly  with  the  variation 
of  light,  but  require  an  appreciable  interval  of  time  If  both  eyes  be 
^^  closed  and  covered,  loug  enough  to  allow  complete  dilatation  of  the 
Hpopils,  and  then  suddenly  opened,  the  pupils  contract  somewhat  rap- 
H'idly  to  a  certain  extent,  and  afterward  continue  to  diminish  for  several 
Heeconds,  until  equilibrium  is  fairly  established. 

H      Ab  the  movements  of  the  iris  derive  their  stimulus,  through  the 

Hophthalmic  ganglion,  from  the  oculomotorius  nerve,  if  this  nerve  be 

H  divided  between  the  brain  and  the  eyeball,  the  pupil  becomes  sensibly 

dilated,  and  loses  in  great  measure  its  power  of  contraction  under  the 

influence  of  light.     There  is  a  partial  paralysis,  in  which  the  circular 

ibrea  of  the  iris  are  relaxed,  while  its  radiating  fibres  continue  to  act, 

^caasiDg  enlargement  of  the  pupil. 

On  the  otbur  hand,  if  the  sympathetic  nerve  be  divided  in  the  neck, 
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or  its  superior  cervical  ganglion  extirpated,  the  pupil  on  the  corT€ 
ing  side  becomes  contracted  from  paralysis  of  its  rudiaiiug  libri^j>. 
quadrupeds,  the  eyeball  in  nl^o  drawn  backward  into  tbe  orbit,  causii 
partial  closure  of  the  upj)er  and  lower  oyelida,  and  advance  of  tbp  tbi 
eyelid  or  "  nictitating  membrane  "  over  the  cornea.     This  recession 
the  eyeball  i.s  due  to  paralysis  of  a  muscle  composed  of  unstriped  filj 
which   exists  lu  most   quadrupeds   under   the   name  of  tbe  "orbil 
muscle,'^  and  which   normally  maintains  the  eyebeli   in  a  mode; 
state  of  protrusion.     After  its  paralysis,  the  straight  niuscl*»s  of 
orbit,  being  no  longer   antagonized,  produce  permanent  retraction 
the  eyeball,  and  consequently  partial  closure  of  the  lids.     Both  t| 
closure  of  the  lids  and  tbe  narrowing  of  the  pupil  are  therefore 
ondary  effects  of  division  of  the  sympathetic  nerve. 

But  if,  under  these  cireumstanceM,  the  uppt^r  exlremity  of  the  divid 
nerve  be  stimulated  by  faradizotion,  the  conditions  are  reverted, 
eyeball  advances  to  its  former  place  in  the  orbit,  and  the  pupil  diJal 
Both  these  eflecta  correspond  in  degree  with   the  ^limulntion   of 
nerve.     If  the  electric  current  be  of  moderate  strength,  tbe  eye 
be  simply  restored  for  the  time  to  its  normal  condition.     If  of  gi 
intensity,  it  may  cause  protrusion  of  the  eyeball  and  eulargumeut 
the  pupil   to  its  maximum    diameter.      When    faradization   is   tm- 
pended,  the   pupil   again  diminishes,  and   the  eyeball    returns  (o 
retracted  position. 

It  is  evident,  accordingly,  that  the  muscular  apparatus  of  tbe  eye  I 
under  the  control  of  two  nervous  influences,  derived  respectively  froi 
the  ccrobro-spinal  and  the  sympathetic  system.  The  iria  receives 
its  motor  fibres  from  thf  ophthalmic  ganglion.  But  ihn.sc  causing  con- 
traction of  the  pupil  come  through  this  ganglion  from  th«5  oculomo- 
torius  nerve :  those  causing  dilatation  are  derived,  through  tbe  aame 
channel,  from  tbe  central  ganglia  of  the  sympathetic  system. 

Vasomotor  Nerves  and  Nerve  Centres, 
The  most  important  general  function  of  the  svmpatbetic  nerves  at 
nerve  centres  is  connected  with  the  blood-vessels  and  the  circulatioa 
different  regions  of  the  body.  Their  filaments  and  ph'xuses  arc  e«:|K 
cially  associated  with  the  arterial  hrancho.-i,  which  they  follow  in  the 
subsequent  ramification  ;  and  their  terminal  fibres  are  largely  di;9tribut 
to  the  muscular  coat  of  these  vessels.  Under  their  influence  the  mm 
lar  elements  contract,  thun  approximating  the  walls  of  the  artery, 
diminishing  its  calilire.  The  nerves  which  excite  in  this  way  the  coo- 
traction  of  the  blood-ves.sels  are  called  "  V^asomotor  nerves," 
nerve  centres  from  which  they  emanate  "  vasomotor  centres." 
Muscularitij  and  ConfraetHibj  of  the  BUxtd-vesseiB. — So  far 
structure  is  concerned,  the  arteries  are,  in  great  measure,  miaaMl 
organs.  Their  middle  coat,  at  least  in  those  of  medium  and  smftHeir 
size,  contains  unstriped  muscular  fibres  mingled  with  elastic  tiasw; 
and  the  relative  abundance  of  these  fibres  Increaeee  as  the  \ilze  uf  the 
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Biy  diminisheB,  the  middle  coat  of  th<»  Bmallppt  arterial  branches 
Iwing  almost  exclusively  muscular.  The  fibres  of  this  cnat  are  wrapped 
round  the  artery  in  an  annular  direction ;  produciup,  when  called  into 
activity  at  any  point,  a  local  constriction  of  the  arterial  tube.  • 

Forthermore,  it  is  ebowD  by  observation  that  arteries,  like  other 
muiicular  oTfiaufi,  have  the  power  of  contractility.  Their  contraction 
in  the  living  animal,  under  mecLauical  irritation  or  galvanic  stimulus, 
has  been  demonstrated  In  various  observations  quoted  by  Milne  Ed> 
wards,*  and  corroborated  by  Yulpianf  in  more  extended  experiments 
j  on  the  same  subject.  The  carotid,  femoral,  hypogastric,  interdigital, 
H  auricular,  and  uieHonteric  arteries,  have  all  been  seen  to  contract  when 
™  touched  with  the  point  of  a  needle,  rubbed  with  a  smooth  instrument, 
or  subjected  to  the  galvanic  current.  There  are  certain  peculiarities 
^  in  the  phenomena  thus  produced,  showing  a  physiological  relationship 
V  between  the  arteries  and  other  organs  compos«'d  of  unstripeil  muscular 
fibres.  First,  the  contraction  of  the  artery  does  not  take  place  imiiie- 
diately  on  the  application  of  the  stimulus,  but  only  after  a  perceptible 
intrrvHl.  According  to  Viilpiau,  when  the  electrodes  are  placed  for  a 
few  instants  in  contact  with  an  artery,  no  effect  may  be  visible  on  their 
withdrawal ;  but  after  a  Hhort  time  the  vessel  diminishes  in  size, 
becoming  gradually  smaller  at  the  point  of  stimulation,  until  its 
calibre  is  nearly  or  quite  obliterated.  It  remains  in  this  condition 
for  ten  or  fifteen  seconds,  after  which  it  slowly  enlarges  to  its  previ- 
ous size.  Secondly,  the  contractility  of  the  vascular  walls  under  local 
stimulation  is  more  distinct  in  the  branches  than  in  the  trunks  of  the 
arteries,  and  is  most  pronounced  in  their  smallest  ramifications.  This 
corresponds  to  the  anatomical  structure  of  these  vessels,  in  which  the 
muscularity  of  their  middle  coat  increases  with  their  diminution  in  size. 
The  contraction  of  an  artery  under  these  circumstances  has  an  effect 
on  the  local  circulation.  The  diminished  calibre  of  the  vessel  allows 
a  smaller  quantity  of  blood  to  pass  through  it,  and  thus  produces  a 
partial  anasmia  of  the  region  supplied  by  its  branches.  If  this  region 
be  wanting  in  collateral  inosculations,  its  change  in  vascnlarity  may  be 
very  marked.  AH  the  vascular  ramifications  beyond  the  constricted 
portion  of  the  artery  become  comparntively  bloodless;  and  they  con- 
tinue in  this  condition  until  the  artery  relaxes,  and  again  allows  the 
entrance  of  blood.  While  the  entire  system,  therefore,  depends 
an  the  heart  as  an  organ  of  impulsion  for  the  circulation  in  general, 
ench  artery  controls,  for  its  own  special  region,  the  quantify  of  blood 
admitted  to  the  capillaries  and  veins. 

Shythmical  Contraction  of  Arteries  in  Particular  Pari». — If  the 
ear  of  a  white  rabbit  be  held  for  a  few  moments  against  the  light  it 
will  hv  seen  that  its  blood-vessels  change  their  appearance  from  time  to 
time,  and  that  this  change  occurs  with  a  certain  regularity.     The  cen- 


•  Le^np  nir  la  PhvRiologie  et  rAnaioroie  Tompar^.    Paris,  IS.'iO,  tome  Iv.,  p.  207. 
f  Leyonfi  Bur  I'Appareil  Yosomoteur.     Paris,  1875,  tome  i.,  p.  43. 
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tral  artery,  b»  it  passes  &om  the  base  of  the  ear  toward  its  apex,  divid 
into  branches  supplying  the  capillary  plexus;  and  the  vessels  emerpii 
from  thiis  plexus  unite  In  two  principal  veins,  which  return  along 
edges  of  the  organ  toward  its  base.     Both  the  central  artery  with 
branches,  and  the  principal  veins,  are  readily  visible  by  trauspareuc 
while  the  intervening  tissue  has  a  light  rosy  hue,  from  the  blood 
the  capillary  circulation.     The  change  in  vascularity,  first  observed 
Schiff,*  takes  place  in  the  following  manner :  The  central  artery  dimi 
ishes  in  size,  becoming  narrower  and  fainter,  until  nearly  invis^ible 
branches  disappear,  the  ear  generally  beconu-s  more  pallid,  and 
veins,  receiving  from  the  nipillaries  a  smaller  f|uantity  of  blood,  apf 
less  numerous  and  less  distinct.     The  circulation  in  the  organ  is  tl 
reduced  in  quantity  at  least  one-half.     This  condition  lasts  for  eight 
nine  seconds,  after  which  the  artery  begins  to  enlarge.     A  thread- 
Btream  of  blood  enters  it  from  below,  increasing  in  thicknes,s  and  cap 
ity,  and  extending  rii}ndly  upward  into  the  arterial  ramifications,     TS 
tissues  regain  their  rosy  color,  and  the  veins  become  prominent  alol 
the  edges  of  the  organ.     The  artery  is  then  in  a  state  of  diastole, 
plying  the  ear  with  a  full  quantity  of  blood.     It  remains  in  this  condi- 
tion for  two  or  three  seconds,  when  another  contraction  take^i  plmv, 
and  the  circulation  is  again  reduced.     These  alternations  of  cooBtric^ 
tion  and  expansion  recur  u.«iually  about  ten  or  twelve  times  jwr  min  r^ 
They  are  not  strictly  uniform  either  in  extent  or  frequency,  but  ;i 
take  ftlaoe  with  sufficient  regularity  to  show  that  they  are  not  accideoLal. 
but  depend  on  causes  of  internal  origin. 

It  is  probable  that  other  organs,  if  they  could  be  examined  by  trane- 
parency,  would  show  a  similar  variation  in  vascularity.  The  small 
saphenous  artery  in  the  rabltit  has  been  seen  by  Loven,  Riegtrl,  ami 
Vulpian  to  exhibit  alternate  movements  of  constriction  and  dilatatioo 
once  or  twice  per  minute.  In  examining  the  circulation  in  the  frog'f 
foot  under  the  miiToscope,  the  sma!l  arteries  sometimes  show  a  local 
constriction  by  which  they  are  reduced  in  diameter  for  a  certain  time, 
afterward  enlarging  to  their  former  size ;  and  temporary  changes  of 
vascularity  in  the  glandular  organs  or  the  mncous  membranes  hare 
long  been  known  to  t^ke  place  in  connection  with  secretion  or  digesdon. 

Contraction  and  Dilalaiion  of  Arteries  uvder  Nerwun  Infltience, — 
When  the  sympathctie  nerve  is  divided  in  the  neck,  one  of  the  ni<MS 
immediate  and  striking  effects  is  a  vascular  congestion  in  the  part? 
above,  on  the  corresponding  side.  This  flTect  may  he  produced  in 
any  warm-blooded  animal,  but  is  especially  manifest  in  the  ear  of  tb< 
white  rabbit,  where  the  vascularity  is  eusily  examined  by  transparency, 
and  where  the  corresponding  parts  on  the  two  sides  can  be  directly 
compared  with  each  other.  A  few  minutes  after  section  of  the  n 
all  the  vessels  of  the  ear  on  the  affected  sid<^  become  turgid  with  I'. 
The  artery  enlarges,  its  branches  becom*?  uu">re  visible,  the  tissues  gen- 
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erallv  are  rudd}'  in  color,  and  tho  marginal  veins  are  incrcaspd  in  size ; 
while  mauj  venous  branches,  which  were  before  iui perceptible,  become 
distinctly  apparent.  The  artery  no  Ioniser  exhibit;*  its  jRTiodicral  eon- 
strictiong,  but  remains  in  a  state  of  perinaueut  diastole,  und  the  quantity 
of  blood  circulating  in  the  ear  is  cormequently  increa-sed. 

A  variety  of  secondary  consequences  follow  from  this  condition. 
First,  the  tenjperature  of  the  ear  is  increased.  A  larj^er  quantity  of 
blood  from  the  int4'rior  of  the  body,  paspinof  throug'h  the  vcsseln,  com- 
municates its  warmth  to  the  tiasuea  of  the  part,  and  the  elevation  of 
temperature  is  perceptible  both  by  the  touch  and  the  thermometer. 
Secondly,  the  blood  in  the  veins  becomes  brij;rhter,  since  in  its  more 
rapid  passa^fc  through  the  capillaries  it  loses  less  oxygen,  and  con- 
Bequently  retains  more  nearly  the  hue  of  arterial  blood.  Thirdly,  the 
sensibility  of  the  parts  is  increased  and  reflex  actions  from  irritation  of 
the  integument  are  more  strongly  pronounced. 

These  results  are  not  coniiued  to  the  car,  but  extend  to  all  parts  of 
the  head  and  face  on  the  side  of  the  section.  The  skin,  the  conjunctiva, 
the  mucous  membranes  of  the  mouth  and  nasal  passages,  even  the 
meninges  of  the  brain,  and,  according  to  Yulpian,  tho  fundus  of  the 
eye  when  examined  by  the  ophthuliuoseope,  all  show  an  increased 
vascularity  and  more  abundant  circulation. 

The  phenomena  above  described  are  increased  in  intensity  by  extir- 
pation of  the  superior  cervical  ganglion  of  the  sympathetic.  They  an- 
due  to  paralysis  of  the  muscular  coat  of  the  arteries  in  the  regions  sup- 
plied by  sympathetic  61amcnts  from  this  source.  Owing  to  this  paral- 
ysis, the  arteries  no  longer  offer  their  usual  resistance  to  the  pressure 
of  blood  from  the  heart.  Their  relaxation  admits  a  larger  quantity  to 
tho  capillaries  of  the  corresponding  regions,  and  thus  causes  an  iii- 
creaaed  local  circulation. 

These  effects  of  division  of  the  sympathetic  are  all  reversed  by  its 
stimulation.  If  the  upper  extremity  of  the  divided  nerve  be  subjected 
to  faradization,  the  arteries  of  the  affected  ear  diminish  in  sizf,  the 
vascular  congestion  disappears,  and  the  local  temperature  Ijccomes 
reduced  to  its  normal  standard,  or  even  lower.  The  varying  condition 
of  the  blood-vessels  under  nervous  influence  is  shown  by  an  experiment 
of  Bernard,*  in  which  the  upper  part  of  a  rabbit's  ear  is  cut  off  by 
^Hjl  clean  incision,  allowing  the  blood  to  escape  in  jets  from  the  divide*! 
irteries.  The  force  and  height  of  the  jets  having  been  observed,  the 
sympathetic  nerve  is  divided  in  the  neck  on  the  corresponding  side. 
The  blood  at  once  escapes  from  the  wounded  ear  in  greater  a)>undance, 
and  the  arterial  jets  rise  to  double  or  triple  their  former  height.  The 
galvanic  current  is  then  ap|)lied  to  the  nerve,  above  the  point  of 
section,  when  the  streams  of  blood  escaping  from  the  wound  diminish 
or  disap|M?ar ;  but  they  rccommonce  when  the  galvanization  of  the  nerve 
is  suspended. 

*  Joamal  de  la  Piiysiologie.     Paris,  1862,  p.  397. 
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ance  to  the  pressure  of  the  blood.  The  blood  moves  accordingly  andet 
the  influence  of  two  opposite  forces,  namely :  First,  the  cardiac  im- 
pulse, which  tends  to  urjjrc  it  rapidly  throug^h  the  circulation;  and 
Becondly,  the  tonic  arterial  resistance,  which  tends  to  delay  its  paisa^ 
into  the  capillary  vessels.  The  tonic  arterial  contraction  varies  with 
the  nervous  influences  which  control  it ;  and  in  this  way  ibe  local 
activity  of  the  circulation  is  increased  or  diiainished.  There  appears 
to  be  furthermore  a  compensating  action  in  this  respect,  between  thp 
blood-vesselpi  of  different  parts.  When  the  arteries  of  onp  organ  an» 
contracted,  diminishing  the  quantity  of  blood  which  it  contains,  vasai- 
lar  pressure  must  Ik*  increased  in  the  neighboring  partj*,  unless  a  pro 
portionate  enlargement  of  their  blood-vessels  restores  the  normal  rHa- 
tion  iMitween  them.  But  when  the  vascular  tone  is  abolished  in  nnr 
region  by  division  of  its  sympathetic  nerves,  its  blood-vessels  yield  lo 
the  pressure  of  the  rest  of  the  arterial  eystem,  and  remain  in  a  etat« 
of  turgescence  and  relaxation. 

Dilator  Nerves. — Beside  the  nerve  fibres  which  cause  coDtractioQ 
of  the  blood-vessels,  there  are  others  which  cause  their  dilatation.  The 
latter  class,  which,  from  their  mode  of  action,  are  called  "dilaUir 
nerves,"  do  not  all  pass  through  the  sympathetic  system,  but  are  di^ 
tributed  from  the  ccrebro-spinal  nerves  to  the  vascular  organs 

The  most  striking  and  earliest  known  instance  of  the  action  of  a 
dilator  nerve  is  that  of  the  pneumogastric  in  connection  with  the  heart 
(|)age  489).  This  action  is  characterized  essentially  as  follows:  1st 
Galvanization  of  thi'  nerve  causes  relaxation  of  the  heart,  and  conse- 
qiicntly  its  dilatation  by  blood  flmving  in  ironi  the  large  veins  ;  2(1.  If 
the  nerve  be  divided  and  galvanization  applied  to  its  peripheral  extrem- 
ity, the  same  effect  is  produced,  showing  that  the  influence  is  direct  la 
its  operation,  following  a  centrifugal  course  through  the  nerve  to  the 
heart. 

A  similar  action  is  exerted  on  the  circulation  in  the  tongue  and  sub- 
maxillary gland.  These  observations,  first  made  by  Bernard,*  have 
been  corroborated  and  extended  by  subsequent  experimenters,  and 
especially  by  Yuipian.f 

The  vascular  supply  of  the  tongue  and  submaxillary  gland  receirca 
nerve  fibres  from  two  sources,  namely :  1st,  sympathetic  fibres  eommg 
from  the  carotid  plexus  and  passing  with  the  arterial  branches  to  their 
distribution ;  and  2d,  fibres  coming  from  the  facial  nerve  through  tbc 
chorda  tympani,  which  join  the  lingual  branch  of  the  fifth  pair,  and 
are  thence  distributed  to  the  tongue  and  submaxillary  gland.  The 
influences  exerted  by  these  two  sets  of  fibres  on  the  vascularity  of  tba 
parts  are  the  opposite  of  each  other.  Section  of  the  sympathetic 
filaments  causes  relaxation  of  the  blood-vessels,  increased  circtilation, 
ruddy  color  of  the  venous  blood,  and  abundant  salivary  secretioiii 
while  galvanization  of  their  peripheral  extremity  produces  contractioB 

*  Le9ona  Bur  lea  LiquidM  de  rOrganisuie.     PariK,  1859,  tome  i,,  p.  312. 
t  Le^ODB  8ur  rAppardl  Vasomoteur.     Paris,  1875,  tome  i.,  p.  I5&. 
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of  the  blood-ressels  and  general  reversal  of  the  fore^^oinp:  results.  But 
if  either  the  lin^'ual  nerve,  or  tht»  chorda  tynipani  above  its  juDction, 
be  divided,  the  effect  is  a  diminution  of  the  circulatory  current  both  in 
the  tongue  and  i^ubmaxiliary  gland.  On  the  other  hand,  galvanization 
of  the  periphfral  oxtrrniities  of  those  nerves  causes  dilatation  of  the 
blood-vessels,  and  all  the  phenomena  of  increased  circulation. 

It  must  be  admitted,  accordingly,  that  the  dilator  nerves  exert  a 
direct  local  influence  which  causes  relaxation  of  the  blood-vessels. 
The  mechanism  of  this  influence  is  not  easily  understood  ;  since  the 
only  muscular  fibres  connected  vritb  the  arteries  surround  them  in  a 
circular  direction,  and  could  produce  by  their  contraction  no  other 
efl'ect  than  a  narrowing  of  the  arterial  tube.  The  action  of  the  dilator 
nerves  can  only  be  exptatncd  as  an  "action  of  arrest.''  Thev  convey 
from  the  nervous  centres  outward  an  influence  which  for  the  moment 
interrupts  the  tonic  contraction  of  the  blood-vessels.  Owing  to  this 
suspension  of  tonicity,  the  vessels  dilate  under  the  pressure  of  the 
blood,  and  allow  it  to  circulate  in  larger  quantity.  When  the  suspen- 
sive action  is  terniinated.  the  normal  stinuilus  of  the  sympathetic  fibres 
restores  the  tonicity  of  the  blood-vessels,  and  the  circulation  returns  to 
its  ordinary  condition. 

The  action  of  arrest,  as  a  nervous  phenomenon,  is  not  confined  to  the 
vascular  system.  All  the  sphincters  exhibit  it  in  a  marked  degree. 
These  muscles  are  habitually  in  a  state  of  tonic  contraction,  by  which 
they  keep  the  outlets  of  the  body  closed  without  voluntary  effort. 
But  when  evacuation  of  the  rectum  or  bladder  is  to  take  place,  the 
first  step  in  the  pri>cess  is  an  influence  proceeding  from  the  spinal  cord, 
which  suspends  the  contraction  of  the  sphincters;  and  after  their  relaxa- 
tion, the  expulsion  of  the  urine  or  feces  is  effected  by  other  muscles. 
Wherever  antagoni.-^tie  nmsek-s  exist,  it  is  evident  that  the  contraction 
of  one,  to  be  effective,  must  fK*  aceompanied  by  the  relaxation  of  its 
opposite;  and  in  all  voluntary  movements,  the  relaxation  of  one  set 
of  muscles  is  as  prompt  ami  as  accurately  adjustecl  as  the  contraction 
of  the  other.  It  is  probable  that  the  action  of  arrest  plays  an  impor- 
tant part  in  the  nervous  operations  generally ;  but  it  is  most  distinctly 
manifest  in  the  dilator  nerves  of  the  vascular  system. 

Reflex  Contraction  and  Dilatation  of  the  Blood-ve^neh. — Thus  far 
the  variations  in  calibre  of  the  blood-vessels  have  been  shown,  in  exper- 
imental observations,  to  depend  on  the  immodiato  action  of  the  vasomotor 
and  dilator  nerves.  But  in  the  living  body  these  variations  are  habit- 
ually reflex  in  their  mode  of  production.  The  vascular  contraction  or 
dilatation  whit.lj  shows  itself  in  a  particular  area,  is  due  to  the  impres- 
aion  received  by  a  sensitive  surfuce,  tonveyed  inward  to  some  nervous 
centre  of  the  vasomotor  system,  and  thence  reflected  in  a  centrifugal 
direction  to  the  blood-vessels.  The  most  frequent  instance  of  reflex 
va&cular  constriction  is  that  which  follows  irritation  of  the  central 
extremity  of  a  si-nsitive  nerve.  This  elTerl  has  lieeo  observed  by 
many  experimenters,  and  is  regarded  as  nearly  invariable.  Galvaniza- 
tion of  the  central  extremity  of  the  sciatic  nerve  causes  general  con- 
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striction  of  the  blood-vessels  throughout  other  parts  of  the  body,  indi- 
cated  by  incroascd  arterial  pressure.  A  similar  result  is  produced  by 
irritation  of  the  tri/;^emiDUB  or  other  sensitive  nerves  or  nerve  roots, 
or  by  that  of  extended  regions  of  the  integument.  According  to  Vul- 
pian,*  this  effect  is  very  observable,  in  dogs,  on  the  under  surface  of 
the  tongue  after  division  of  one  sciatic  nerve.  On  galvanizing  the 
upper  extremity  of  the  nerve,  the  under  surface  of  the  tongue  grows 
paler,  and  its  superficial  veins  diminish  visibly  in  size,  or  even  become 
imperceptible.  This  action,  which  is  first  conveyed  by  the  sciatic  n«frve 
to  the  spinal  cord,  is  finally  transmitted  to  the  tongue  through  the 
fibres  of  the  sympathetic;  since  if  the  sympathetic  be  divided  in  the 
cervical  region,  the  above  results  are  no  longer  produced  on  that  side 
from  irritation  of  the  sciatic  nerve. 

Reflex  dilatation  of  the  blood-vessels  is  also  of  frequent  occurrence. 
It  is  distinctly  manifested  in  the  rabbit's  ear  on  galvanizing  the  central 
extremity  of  the  anterior  ecrvico-aui'ieular  nerve  after  its  division.  Thia 
effect,  formerly  observed  by  Schiff  and  Ilouget,  is,  according  to  Vulpian, 
one  of  the  easiest  to  reproduce;  especially  if  the  animal  be  first  poisoned 
by  woorara,  which  an.spends  the  action  of  the  voluntary  muscles,  and 
prevents  their  interfering  with  the  blood-vessels  by  local  contraction. 
Reflex  vascular  dilatation  is  al-^o  the  usual  accompaniment  of  local 
injirrtes  or  irritations.  Congestion  soon  shows  itself  in  the  neighbor- 
hood of  anv  wound  in  the  iutegunient  or  subcutaneous  tissues ;  and  the 
intestines,  when  exposed  by  opening  the  abdominal  cavity,  become 
rapidly  covered  with  an  increased  viisculurity. 

The  most  familiar  examples  of  reflex  dilatation  are  those  occurring 
in  the  glands  and  mucous  membranes  at  the  time  of  their  functional 
excitement.  These  organs  present  alternat-e  conditions  of  repose  and 
activity.  In  the  former  con«litioii  thoir  blood-vesstds  are  moderately 
contracted,  supplying  blood  in  small  quantity  for  the  nutrition  of  the 
glandular  tissues,  or  for  the  |)reparation  of  their  sp^'cial  organic  ingro- 
dients.  But  when  the  period  arrives  for  active  secretion,  there  is  » 
dilatation  of  the  blood-vessels,  with  increased  local  circulation  and  firee 
exudation  of  the  secreted  fluids.  This  phenomenon  was  witnessed  in 
the  mucous  membrane  of  the  stomach,  so  long  ago  as  in  the  obser- 
vations of  Beaumont*  on  the  gastric  fistula  of  Alexis  St.  Martin ;  and 
it  has  subsequently  been  observed  in  many  similar  cases.  In  the  sub- 
maxillary gland  of  the  dog,  reflex  vascular  congestion  is  at  once  pro- 
duced by  introducing  vinegar  into  the  mouth,  or  by  any  stimulus 
which  excites  the  .salivary  .'secretion.  A  similar  variation  was  found 
by  Bernard  in  the  vascularity  of  the  pancreas  and  duodenum,  in  the 
dog,  under  the  conditions  of  fasting  and  digestion.  In  the  intervaJii 
of  digestion  these  organs  are  pallid,  with  but  few  blood-vessels  visible 
upon  their  surface.  But  after  the  introduction  of  food,  and  while 
digestion  is  going  on,  their  appearance  is  greatly  changed.      Tlie 


*  Le9on8  sur  TAppareil  Vawimoteur.     Paris,  1875,  (otne  i.,  p.  238. 

t  Experiments  and  Obaervatian^  upon  the  CiaHtric  Juice.    BoAon,  1834. 
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smaller  arteries  are  more  abundantly  visiblo,  their  curvatures  more 
pronounced,  and  their  pulsations  more  strongly  marked.  The  super- 
ficial veins  are  also  increased  in  size  and  apparent  numljors,  and  the 
intervening  tissues  have  a  ruddy  color,  due  to  the  abundant  circulation 
in  their  capillary  vessels.  This  condition  lasts  for  a  certain  time,  while 
secretion  and  dij^'estion  are  in  progress;  after  which  it  gradually  subsides, 
and  the  circulation  returns  to  its  former  state  of  comparative  inactivity. 

It  is  evident  that  these  reflex  artions  take  place  in  some  nervous  cen- 
tre, in  which  the  centripetal  impression  is  converted  into  a  centrifugal 
impulse.  It  appears  that  the  ganglia  of  the  sympathetic  system  act  in 
some  measure  as  nervous  centres  for  this  puq>ose.  This  is  iudicated 
by  the  fact  that  the  vascular  paralysis  of  the  head  and  face,  following 
division  of  the  sympathetic  nerve  in  the  neck,  is  more  pronounced  if 
the  superior  cervical  ganglion  be  extirpated ;  and,  as  a  general  rule, 
removal  or  destruction  of  the  sympathetic  ganglia  produces  more  effect 
than  wimple  section  of  the  nerve  trunk.  According  to  Vulpian,  after 
removal  of  the  entire  brain  and  the  upper  half  of  the  s])inal  cord, 
including  the  origin  of  the  brachial  nerves,  in  the  frog,  extirpation  of 
the  cervical  ganglion  of  the  sympathetic  is  followed  by  vascular  con- 
gestion of  the  corres[ioijding  half  of  the  tongue  and  buccal  cavity.  The 
sympathetic  ganglia  bavy  therefore  a  certain  influence  as  the  sources 
of  nervous  power  for  vascular  parts. 

But  the  action  of  these  ganglia  is  limited  in  importance,  and  affects 
only  the  parts  to  which  their  fibres  are  directly  distributed.  It  has 
already  been  shown  that  the  roots  of  the  sympathetic  system  emanate 
from  the  spinal  cord,  and  that  they  emerge  from  it  at  special  points  for 
the  head  and  limbs  respectively.  There  is  rea.son  to  V>elieve  that  they 
truver.se  the  cord  for  some  distance  before  detaching  themselves  from 
its  surface,  and  that  their  source  in  the  gray  substance  is  at  a  higher 
level.  According  to  numerous  observers,  a  transverse  section  of  the 
cord  in  the  cervical  region  causes  marked  vascular  relaxation  tiirougb- 
oat  the  body,  as  if  all  the  vasomotor  tibres  had  Iteen  divided  in  descend- 
ing from  above.  This  effect  is  produced  by  transverse  sections  of  the 
cerebro-spinul  axis  at  any  level  in  the  cervical  portion  of  the  cord  or  In 
the  medulla  oblongata,  nearly  to  the  posterior  edge  of  the  tubercula 
quudrigemina  ;  but  not  by  sections  above  that  point.  It  is  accordingly 
maintained  by  some  physiologists  (Schiff,  Ovv.'^jannikow,  Liegeois)  that 
there  is  a  common  centre  for  all  the  vasomotor  fibres  of  the  body, 
situated  in  the  medulla  oblongata  or  immediately  atiove^  In  the  opinion 
of  others  (Brown-Sequard.  Yulpian)  the  vasomotor  centres  are  more 
widely  scattered  iu  the  cerebro-spiual  axis;  since  reflex  modifications 
of  vascularity  may  still  l>e  produced  to  some  extent  after  division  of 
the  spinal  cord  in  the  cervicAl  region,  and  even  certain  lesions  in  the 
cerebral  hemispheres  seem  to  produce  vascular  congestion  in  the  limbs 
or  internal  organs.  This  question  is  not  positively  determined ;  but 
it  appears  certain  that  the  main  centres  of  reflex  action  for  the  vascular 
system  are  in  the  oerebru-spinal  axis,  whence  their  nerve  fibres  aro 
distributed,  by  various  routes,  to  all  parts  of  the  body. 


CHAPTER   VIII. 
THE  SENSES. 

THE  senses  are  the  endowments  by  which  we  gain  perception  of 
external  objects  and  phenomena.  They  are  consequently  the  primi- 
tive source  of  all  information,  and  the  channels  of  all  conscious  relation 
with  the  external  world.  The  term  sensation  indicates  the  perception 
of  any  impression  from  without,  of  whatever  nature.  The  senses,  on 
the  other  hand,  are  subdivisions  of  the  main  function,  each  devoted  to 
a  particular  class  of  phenomena.  They  are  five  in  number,  namely: 
1.  General  sensibility.  2.  The  sense  of  taste.  3.  The  sense  of  smell. 
4.  The  sense  of  sight.    5.  The  sense  of  hearing. 

Oeneral  Sensibility. 

General  sensibility  is  the  faculty  by  which  we  appreciate  the  simpler 
physical  properties  of  external  objects,  such  as  their  consistency,  aur- 
face,  temperature,  and  mass.  It  exists  throughout  the  general  integu> 
ment,  and  in  the  mucous  membranes  near  the  exterior.  Notwithstand- 
ing that  it  includes  several  different  impressions,  they  are  all,  so  far  as 
we  know,  communicated  by  the  same  nerves ;  and  the  grade  of  sensi- 
bility for  all  varies  in  the  same  direction  and  to  the  same  degree  in 
different  parts  of  the  body.  The  sensations  thus  produced,  though 
presenting  certain  differences  from  each  other,  are  therefore  associated 
under  the  head  of  general  sensibility. 

Sense  of  Touch. — This  is,  perhaps,  the  simplest  form  of  sensory  im- 
pression, and  is  known  as  "  tactile  sensibility."  It  is  produced  by  the 
contact  of  foreign  bodies  with  the  sensitive  surface,  and  gives  informa- 
tion as  to  their  solidity,  configuration,  and  indifferent  or  irritating  quali- 
ties. There  is  a  certain  variety  in  these  impressions,  but  they  evidently 
belong  to  the  same  group.  There  is  no  essential  difference  in  the 
effect  of  sharp-pointed  instruments  or  irritating  substances  applied  to 
the  skin,  the  passage  of  the  galvanic  current,  pungent  liquids  in  con- 
tact with  the  tongue,  or  pungent  vapors  in  the  nasal  passages.  They 
are  all  impressions  of  tactile  sensibility,  and  depend  on  a  similar  irri- 
tation of  the  nervous  extremities. 

The  grade  of  tactile  sensibility  varies  in  different  regions.  The  method 
adopted  for  api)reciating  this  variation  consists  in  applying  to  the  skin 
or  mucous  membrane  the  points  of  a  pair  of  compasses,  tipped  with 
small  pieces  of  cork.  If  the  two  points  be  a  very  short  distance  apart, 
they  cannot  be  accurately  distinguished  from  each  other,  and  the  two 
sensations  are  blended  into  one.     The  minimum  distance  at  which  the 
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points  can  be  disting'uished  thus  indicates  the  grade  of  senBibility  at 
I  bat  spot.  The  observations  of  Valentin*  give  the  following  ae  the 
limits  of  distinct  perception  in  diflerent  regions : 

DieTANcK  AT  wHirn  Two  Points  may  bk  Separately  DisTrKociSHXD. 
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This  method  does  not  necessarily  measure  the  acnlene»9  of  eensi* 
bOity,  since  the  two  points  might  be  less  easily  distinguished  from  each 
other  in  any  one  region,  and  yet  the  intensity  of  the  sensation  produced 
might  be  as  great  as  in  the  Kurrounfling  parts;  but  it  affords  an  esti- 
mate of  I  he  delicacy  of  tactile  sensation,  by  which  we  distinguish 
slight  inequalities  of  surface  in  foreign  bodies.  There  is  reason,  how- 
ever, to  believe  that  the  two  tjuulities  correspond  with  each  other  in 
development  in  various  jooilities ;  and  tactile  sensibility  is  frequently 
found  to  be  most  delicat*;  w  here  the  amount  of  .sensation  is  al.so  greatest. 
A  feeble  galvanic  current  may  be  perceived  at  the  tips  of  the  Sngers, 
though  it  may  produce  no  impression  on  the  limbs  or  trunk ;  and  one 
too  faint  to  l>e  distinguished  by  the  fingers  may  be  perceptible  at  the 
tip  of  the  tongue. 

Certain  parts  of  the  body,  furthermore,  are  especially  suitable  for 
organs  of  touch,  not  only  from  their  acute  sensibility,  but  alao  on 
account  of  their  conformation  and  mobility.  In  man,  the  hands  are 
the  most  favorably  <'onstrueted  for  this  i)urpose,  owing  to  the  varied 
movement  of  the  fingers,  by  which  they  may  be  applied  to  surfaces  of 
any  form,  and  brought  successively  in  contact  with  all  their  parts. 

In  some  animnls,  the  long  hristlcs  on  the  lips  an*  u.sed  for  this  pur- 
pose, each  bristle  Ijeing  connected  at  its  base  with  a  nervous  papilla; 
and  in  the  elephant  the  end  of  the  nose,  developed  into  a  flexible  and 
sensitive  proboscis,  is  the  princijtal  organ  of  touch.  This  function, 
therefore,  may  l)e  performed  by  any  part  of  the  body  where  the  acces- 
sory organs  are  sufficiently  deveto|>ed. 

In  the  head  and  face,  the  .sensibility  of  the  skin  is  dependent  on  the 
branches  of  the  fifth  pair.  In  the  body  and  limbs  it  is  due  to  the  sen- 
sitive fibres  of  the  spinal  nerves.  It  exists,  to  a  considerable  extent,  in 
the  mncous  membranes  of  the  mouth  and  nose,  and  other  passages 

♦  Todd's  Cjclopndia  of  Anatomy  and  PhvBiologj,  vol.  iv.,  article  Touch. 
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leading  to  the  interior.  Sensibility  is  most  acute  in  mncous  mem- 
branes supplied  by  the  fifth  pair,  namely,  In  the  coiyunctiva,  anterior 
part  of  the  nares,  inside  of  the  lips  and  cheeks,  and  the  anterior  two- 
thirds  of  the  tongne.  It  diminishes  from  without  inward,  and  disap- 
pears altogether  in  the  internal  organs  not  abundantly  supplied  with 
cerebro-spinal  nerves. 

Sensations  of  Temperature. — The  appreciation  of  temperature  is,  ia ' 
general,  most  hifrhly  developed  in  parts  which  have  the  greatest  tactil©* 
senKibility,    The  difference  in  this  respect  between  the  sensitive  iuit'STi* 
ment  of  the  face  and  the  cora|>aratively  insensible  Acalp  is  very  marked;^ 
and  hot  applications  may  be  readily  borne  by  the  scalp  which  would  1« 
intolerable  upon  the  face.     The  extent  of  surface  expo&ed  has  abo  n. 
influence  on  the  efl'ect  produced  by  temperature ;  and  a  niodprat<*  degree 
of  warmth  or  cold  applied  over  a  large  area  is  more  readily  jierceivedj 
than  if  conEned  to  a  limited  region.     There  is  evidence  that  the 
prcssions  of  temperature  and  those  of  touch  are  either  transmitted  by] 
different  nerve  fibres,  or  depend  on  different  forms  of  nervous  excite.] 
ment ;  since,  according  to  Brown-Sequard,*  there  are  instances  in  which] 
the  two  kinds  of  seaaibility  are  impaired  independently  of  each  other.  [ 
In  some  forms  of  paralysi-s,  tactile  sensibility  may  be  lost  while  that 
of  temperature  renminn ;  or,  on  the  other  hand,  the  power  uf  appreci*] 
ating  temperature  may  disa])pcar  while  impressions  of  contact  &re 
perceived. 

Senmlions  of  Pain. — The  sense  of  pain  i.s  different  in  character 
that  caused  by  tactile  impressions  or  variations  in  tenipcTature.     It  ia 
produced  by  exaggerated  mechanical  irritation  or  by  excessive  heat  or] 
cold;  and  in  mo.st  instances,  wheu  the  intensity  of  an  impression  riaea] 
above  a  certain  point,  the  ordinary  perceptions  disappear,  and  that  of 
pain  takes  their  place.     Thus  if  the  blude  of  a  knife  or  the  point  of 
needle  be  placed  gently  in  contact  with  the  skin,  we  perceive,  by  tactile 
senBibility,  its  qualities  of  form  and  surface.     But  if  the  pressure  be) 
increased  beyond  a  certain  degree,  or  if  the  integument  be  wounded, 
we  have  no  further  perception  of  the  physical  properties  of  the  foreign 
body,  and  are  only  conscious  of  the  pain  which  it  inflicts.     The  appre- 
ciation of  cold  or  warmth,  in  like  manner,  is  only  possible  within  mod- 
erate limits;  and  when  either  is  so  excessive  as  to  produce  pain,  all 
accurate  notion  of  the  degree  of  temperature  i.s  lost.     The  contact  of  a 
red-hot  iron  and  that  of  one  much  below  the  freezing-point  of  water 
produce  sensations  not  essentially  different  from  each  other,  and  marked 
only  by  their  painful  character. 

The  sense  of  pain  may  bo  preserved  or  lost  independently  of  other 
kinds  of  sen.'iibililv.  The  anaesthesia  produced  by  ether  or  chloro- 
form may  be  carried  to  such  a  point  that  the  capacity  for  feeling  pain 
is  abolished,  while  tactile  sensibility  remains ;  and  in  this  condition  tho 


*  PhTRiology  HJid  Pftthologj  of  the  Central  Nervous  Sjitem.    PhllBdelphi%  1!M^  < 
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wounds  caused  by  puncturing  or  cutting:  instruments  may  be  felt,  un- 
accompanied by  any  sense  of  sufferinff.  Similar  observations  have  been 
made  in  ca-ses  of  paralysis,  where  the  patient  can  soiiiftiiues  perceive  the 
contact  of  foreign  bodies  without  experiencing  any  painful  gensation ; 
or,  on  the  other  hand,  the  sense  of  pain  may  persist,  while  that  of 
touch  is  diminished  or  lost.  Notwithstanding  this  apparent  indepen- 
dence of  the  necessary  conditions  for  the  sensation  of  pain,  it  is  trans- 
mitted by  the  same  nervei^  which  convey  ordinary  impressions ;  and 
those  which,  like  the  branches  of  the  fifth  pair,  are  endowed  with  the 
most  acute  tactile  sensibility,  arc  also  capable,  in  injury  or  disease,  of 
giving  rise  to  the  severest  painful  impressions. 

Mode  of  Action  of  the  Senses  in  general. — There  are  certain  facta 
connected  with  general  sensibility,  and  common  to  the  operation  of  all 
the  senses,  which  are  of  sufficient  intportance  to  be  considered  by  them- 
selves. 

In  the  first  place,  an  impression  of  any  kind,  made  upon  a  sensitive 
organ,  remains  for  a  time  after  the  removal  of  its  exciting  cause. 
The  excitement  produced  in  the  nerve  fibres  has  a  eertnin  |>ersistence, 
which  is  longer  in  some  cases  than  in  others,  but  which  exists  to  some 
extent  in  all.  The  pressure  of  a  foreign  body  ypon  the  skin,  especially 
if  somewhat  forcible  and  continued,  is  felt  for  a  perceptible  interval  after 
the  foreign  body  is  reniovi'd.  The  sense  of  cold  or  warmth,  from  the 
contact  of  ice  or  heated  liquids,  lasts  more  or  less  after  their  application 
IB  discontinued.  Even  for  the  senses  of  sight  and  hearing,  the  some 
fact  may  lie  verified ;  and  the  duration  of  the  nervous  impression,  though 
very  >hort,  has  been  found  susceptible  of  measurement. 

Secondly,  the  organs  of  sense  after  a  time  become  accustomed  to  a 
continued  impression,  so  that  it  is  no  longer  perceived.  If  a  uniform 
pressure  bo  exerted  on  any  part  of  the  body,  it  at  last  fails  to  attract 
notice,  and  we  become  uucon.scious  of  its  existence.  In  order  to  again 
excite  a  sensation,  the  pressure  must  be  increased  or  diminished,  or 
changed  in  locality  or  direction. 

The  olfactory  apparatus  also  becomes  habituated  to  odors,  whether 
agreeaV>le  or  disagreeable.  A  continuous  and  uniform  sound,  like  the 
rumbling  of  carriages,  or  the  hissing  of  boiling  water,  becomes  after  a 
time  inaudible;  but  when  the  sound  ceases  our  attention  is  excited 
by  the  change.  The  senses,  accordingly,  receive  their  stimulus  as 
much  from  the  variation  and  contrast  of  external  impressions  as  from 
the  imprcssioos  thomselvea. 

Sense  of  Taste. 
The  sense  of  taste  is,  in  sotue  measure,  intermediate  in  character 
between  general  and  special  sensibility.  The  organ  by  which  it  is 
exfercised  is  furnished  with  vascular  and  nervous  papillfe  analogous  to 
those  of  the  genera!  integument.  Its  mucous  membrane  is  also  endowed 
with  general  sensibility.  Although  it  is  highly  prulmljle  that  certain 
minute  formations  in  its  epithelial  layer,  known  as  "  taste  buds,"  may 
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be  especially  connected  with  the  perception  of  savors,  there  \a  ihoB  far 
no  certainty  in  this  respect ;  and  in  any  case  the  tactile  and  ^istatory 
sensibilities  are  closely  interminqfled  in  the  mtieous  mcmbrano.  The 
sensibility  of  taste,  furthermore,  is  not  confined  to  the  fibres  of  a  aincle 
nerve,  but  resides  in  portions  of  two,  which  also  supply  genera.1  spd^- 
bility  to  the  corresponding  parts ;  and  lastly,  though  some  gustatory 
impressions  are  of  a  distinctly  special  character,  others,  like  the  taste  of 
oily  or  mucilaginous  substances,  differ  but  little  from  those  of  taetik' 
sensibility. 

The  sense  of  taste  is  locaiiKed  in  the  mucous  membranG  of  the  tongue, 
the  soft  palate,  and  the  pillars  of  the  fauces.  The  toug^ue  is  a  flattened, 
leaf-like  muscular  org-an,  attached  to  the  symphysis  of  the  lower  jaw  in 
front,  and  to  the  os  hyoides  bfhfnd.  It  has  a  vertical  sheet  of  fibrous 
tissue  in  the  median  line  serving  as  its  framework,  and  is  pro\'ided  with 
longitudinal,  transverse,  and  radiating  muscular  fibres,  by  which  it  can 
be  protruded  or  retracted,  or  moved  in  a  lateral  direction. 

The  lingual  papillre  aw  of  three  kinds  First  the  Ji I i/brm  papilltc^' 
which  are  the  most  numerous,  aud  which  cover  most  uniformly  the 
upjier  surface  of  the  tongue.  They  are  long  and  slender,  covered 
with  horny  epithelium,  and  usually  prolonged  into  filamentous  tu/ls. 
Secondly,  the  funr/iform  papillsc.  These  are  thicker  and  larger  than 
the  foregoing,  of  a  club-shaped  figure,  and  covered  with  soft  epithelinnt 
They  are  most  abundant  at  the  tip  of  the  tongue,  but  may  be  se^n 
elsewhere  on  the  surface  of  the  organ,  scattered  among  the  filiform 
papilke.  Thirdly,  the  rirctimratlafe  jiapillDp.  These  are  the  rounded 
eminences,  eight  or  ten  in  number,  which  form  the  V-shaped  figure  near 
the  foramen  ciecum.  Each  consists  of  a  central  eminence,  surrounded 
by  a  wall  or  cireumvallation,  from  which  they  derive  their  name.  The 
circumvallation,  as  well  as  the  central  eminence,  has  a  structure  aixailar 
to  that  of  the  fungiform  papillre. 

The  sensitive  nerves  of  the  tongue  are  two  in  ntmiber,  namely,  the 
lingual  branch  of  the  fifth  pair,  and  the  lingual  portion  of  the  glos- 
sopharyngeal. The  lingual  branch  of  the  fifth  pair  enters  the  tongae 
at  the  anterior  border  of  the  hyoglossal  muscle.  Its  branches  pass 
from  below  upward  and  from  behind  forward,  l^tween  the  muscukr 
bundles  of  the  organ,  until  they  reach  its  mucous  membrane,  where 
their  fibres  penetrate  the  lingual  papillae. 

The  lingual  portion  of  the  glossopharyngeal  nerve  passes  into  ihe 
tongue  below  the  posterior  border  of  the  hyoglossus  muscle.  It  thm 
divides  into  branches,  which  pass  through  the  muscular  tissue,  and  are 
distributed  to  the  mucous  membratie  of  the  ba,se  and  sides  of  the  organ. 

The  mucous  nuHubrane  of  the  base  of  tht>  tongue,  of  its  ed^es,  and 
of  it.s  under  ;?urface  near  the  tip,  as  weil  as  that  of  the  mouth  and  fauoof 
generally,  is  also  supplied  with  mucous  follicles  furnishiDg  a  viseid 
secretion  by  which  its  snrfnee  is  lubricated.  The  muscles  of  the  tongue 
are  animated  exclusively  by  fiianientsof  the  hypoglossal  nerve. 

The  exact  seat  of  the  sense  of  taste  has  been  determined  by  placing 


N 
» 


THE    SENSES.  515 

in  contact  with  different  parts  of  the  mucons  membrane  a  praall  sponge, 
moistened  with  a  sweet  or  bittcT  solution.  The  experiments  of  Du^s, 
Verniere,  and  Longet,  have  shown  that  taste  resides  in  the  whole 
upper  surface,  the  point  and  edges  of  the  tongue,  the  soft  palate,  fauces, 
and  part  of  the  pharynx.  The  base,  tip,  and  edges  of  the  tongue  pos- 
sess the  greatest  amount  of  sensibility  to  savors,  the  middle  portion  of 
its  dorsum  Ic^ss,  and  its  under  surface  little  or  none.  As  the  whole 
anterior  part  of  the  organ  is  supplied  by  the  lingual  branch  of  the  fifth 
pair,  and  the  whole  of  its  posterior  portion  by  the  glossopharyngeal, 
it  follows  that  the  sense  of  taste  is  derived  from  both  these  nerves. 

A  distinction  is  to  be  made,  in  the  action  of  foreign  substances  taken 
into  the  mouth,  between  the  ^iecial  impremions  derived  from  their 
9apid  quaUties,  and  ihv.  general  sensations  produced  hy  iheir  ordinary 
physical  properties.  As  the  same  substance  is  often  capable  of  exciting 
both  tactile  and  gustatory  impres.sions,  they  are  sometimes  liable  to  be 
confounded  with  each  other.  The  qualities  which  we  perceive  by  the 
special  sense  of  taste  are  savors,  designated  by  the  terms  su^eet,  bitter, 
|Kl2<,  tour,  alkaline,  and  the  like.  Beside  these,  however,  there  are 
Other  qualities,  which  partake  largely  of  the  nature  of  ordinary  physical 
properties,  appreciable  by  means  of  general  sensibility.  A  atarchy^ 
oily,  or  mucilaijinovs  tast*!,  when  uncomplicated  with  additional  savors, 
is  but  little  different  in  kind  from  tactile  impressions.  The  quality  of 
pungency,  communicated  to  the  food  by  certain  condiments,  as  pepper 
or  mustard,  is  appreciated  altogether  by  the  general  sensibility.  The 
ati/jttic  taste  seems  to  be  an  ordinary  astringent  effect  conjbined  with  a 
peculiar  excitement  of  the  gustatory  nerves,  analogous  to  that  caused 
by  the  galvanic  stimulus. 

Furthermore,  the  taste  or  savor  of  a  substance  is  to  be  distinguished 
from  its  odoriferous  properties  or  flavor.  In  most  aromatic  liquids, 
such  as  tea,  coffee,  and  wiue,  a  great  part  of  the  effect  produced  is  due 
to  the  aroma  or  smell  which  reaches  the  posterior  narea  in  the  act 
of  swallowing.  Even  in  many  kinds  of  solid  food,  such  as  freshly 
cooked  meats,  odor  has  an  important  share  in  the  impression  on  the 
senses.  If,  during  the  deglutition  of  such  substances,  the  nares  be 
clo64Mit  so  as  to  suspend  in  great  measure  the  sense  of  smell,  their  flavor 
becomes  nearly  imperceptible  ;  and  a  similar  effect  is  produced  by  catar- 
rhal inflammation  of  the  nasal  passages,  which  impairs  for  the  time 
the  sensibility  of  the  olfactory  membrane. 

Necessary  Conditions  of  the  Sense  of  Taste. — There  are  certain  con- 
ditions requisite  for  gustatory  impressions,  beside  the  integrity  of  the 
organ  by  which  they  are  received. 

First,  the  sapid  substance,  in  order  that  its  taste  may  be  perceived, 
must  be  in  solution.  So  long  as  it  remains  solid,  however  marked  a 
savor  it  may  possess,  it  gives  no  other  impression  than  that  of  a  foreign 
body  in  contact  with  the  tongue.  But  if  applied  in  a  liquid  form,  it 
spreads  over  the  mucous  membrane,  and  it.s  taste  is  perceived.  Thus 
it  is  only  the  liquid  and  soluble  portions  of  the  food  which  are  tasted, 
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Bocfa  as  the  animal  and  vegetable  juices  and  the  Bolable  mM».  Saline 
Bubstances  which  are  insoluble,  such  as  calomel  or  lead  carbonate,  pro- 
duce no  gustatory  impression. 

The  mechanitim  of  taste  is,  in  nil  probability,  direct  and  simple.     The 
eapid  substances  in  .solution  nre  absorbed  by  the  Hng'ual  papillae,  and, 
coming  in  contact  with  the  terminal  nervous  filaments,  excite  sensibility 
by  uniting  with  their  substance.     The  rapidity  with  which  endosraostsj 
will  take  place  under  certain  conditions  is  sufficient  to  account  for  ibo] 
quick  pvreeption  of  sa[jid  substances  introduced  into  the  mouth. 

It  is  on  this  account  that  free  secretion  of  saliva  is  favorable  toj 
the  gustatory  function.  If  the  mouth  be  dry,  food  has  but  little  taste. 
But  when  the  saliva  is  freely  secreted,  it  is  mixed  with  the  food  in 
niftsticiition,  assisting  the  solution  of  its  snpid  ingredients;  and  the 
fluids  of  the  mouth,  impregnated  with  th*'  savory  substances,  are  ab- 
sorbed by  the  mucous  membrane  and  excite  the  gustatory  nerves. 

An  important  part  is  token  in  this  process  by  the  movements  o/  tfui\ 
tongue.  By  these  movements  the  food  is  carried  from  one  |>art  of, 
the  mouth  to  another,  compressed  against  the  mucous  membrane,  iXa\ 
solution  assisted,  and  the  penetration  of  fluids  into  the  papillae  more] 
rapidly  accomplished.  If  powdered  sugar,  or  a  semi-solid  bitter  ex-. 
tract,  be  simply  placed  upon  the  dorsum  of  the  tongue,  little  or  no] 
effect  is  produced  j  but  when  pressed  by  the  tongue  against  the  roorj 
of  the  mouth,  In  the  movements  of  eating  or  drinking,  its  tastu  lAl 
immediately  perceived.  This  is  explained  by  the  well-known  fact  thai] 
movement  and  friction  facilitate  the  liquefaction  and  imbibition  of] 
soluble  substances.  The  nervous  papillaj  of  the  tongue  may  therefore 
be  regarded  as  the  essential  instruments  of  taste,  and  the  lingual] 
muscles  as  its  accessory  organs. 

Impressions  of  toj^tc  made  upon  the  tongue  remain  for  a  crriain ' 
timt'  afterward.  Wh*'n  a  very  sweet  or  a  very  bitter  substance  iaj 
taken  into  the  mouth,  its  taste  is  retained  for  several  seconds  after  iti 
has  been  ejected  or  .swallowed.  Consequently,  if  different  savors  be 
presented  to  the  tongue  in  rapid  succession,  they  l>ecome  undit^tiugui^h- 
able,  and  produce  only  a  confused  combination  of  several  impre88ion& 

If  the  substance  6rsl  tasted  have  a  particularly  marked  .savor,  ita] 
impression  will  preponderate  over  that  of  the  others.     A  similar  effect  I 
is  produced  by  substances  which  excite  the  general  sensibility  of  tbe 
tongue,  such  as  acrid  or  stimulating  powders ;  and  it  belongs,  in  the 
greatest  degree,  to  substances  which  are  at  the  same  time  sapid,  pui»-j 
gent,  and  aromatic,  like  sweetmeats  flavored  with  the  volatile  oils.i 
Advantage  is  sometimes  taken  of  this  in  the  administration  of  disagree- 
able medicines.     By  first  taking  into  the  mouth  some  highly  flavored 
and  pungent  aubstanec,  nausefms  drugs  nniy  ha  immediately'  swalJo! 
with  but  little  perception  of  their  qualities. 
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Sense  of  Smell. 

The  distingnishinpr  charactpr  of  tliis  sonso  in  that  it  appreciates  the 
quality  of  gaseous  or  vaporous  substances.  It  can  therefore  detect 
odoriferous  matters  at  a  distance,  and  when  concealed  from  Bight  It 
differs,  furthermore,  from  the  nenpe  of  taste  in  beinc:  more  distinctly 
localized;  since  it  is  confined  to  the  upper  portion  of  the  nasal  passages 
and  depends  on  the  filaments  of  a  sinirle  pair  of  nerves. 

The  mucou.s  membrane  coverln;;  the  superior  and  middle  turbinated 
bones  and  the  upi>er  part  of  the  septum  nasi,  which  is  alone  capable 
of  re<?civing  odorous  impressions,  is  known  as  the  olfactory  membrnne. 
It  is  distinguishable  from  that  lining  the  rest  of  the  nasal  passages: 
let,  by  its  color,  which  in  man,  the  sheep,  and  the  calf  is  yellow,  but 
in  most  other  niammaHa  has  a  brownish  tinge ;  2dly.  by  its  softer 
consistency;  3dly,  in  the  greater  thickness  of  ihe  whole  membrano, 
and  especially  of  its  epithelial  layer.  According  to  Kiilliker,  the  epi- 
thelium of  the  olfactory  membrane,  in  the  sheep  and  rabbit,  is  about 
sixty  per  cent,  thicker  than  that  of  the  remaining  na.«al  membrane. 
In  most  quadrupi'ds  the  epithelium  of  the  nasal  mucous  membrane 
generally  is  covered  with  vibrating  cilia,  which  are  absent  in  the 
olfactory  portion ;  but  in  man  cilia  are  also  found  in  the  olfactory 
portion.  This  difference  is  probably  connected  with  the  inferior  acute- 
ness  of  smell  in  man,  a.s  compared 
"With  the  lower  animals. 

The  nasal  passages  are  pro- 
vided with  nerves  from  three 
sources. 

I.  The  first  and  most  important 
of  these  are  the  ol/avtory  nervenf 
(Fig.  129,  ,).  They  arc  derived 
from  the  olfactory  bulbs,  resting 
on  the  cribriform  plate  of  the 
ethmoid  bone,  through  which 
their  filaments  penetrate  the  up- 
per part  of  the  nasal  passages. 
They  contain  only  pale,  flattened, 
nucleated  nerve  fibres,  destitute 
of  a  medullary  layer.  Their 
branches  divide  and  subdivide, 
forming  microscopic  plexuses  in 
the  substance  of  the  olfactory 
membrane ;  and  the  finest  ner- 
vous ramifications  have  been  followed  nearly  to  the  epithelial  surface 
of  the  membrane. 

There  is  no  doubt  that  the  filaments  given  off  from  the  olfactory 
bulbs  are  the  special  agents  for  communicating  olfactory  impres.sions, 
and  that  they  are  the  only  ones  endowed  with  tbb  kind  of  sensibility. 


Via.  129. 
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So  far  as  wc  can  judgre  from  the  results  of  experiment,  thejr  are  notj 
capable  of  receiving  or  transmitting?  any  other  eeaaatioas  thau  tht 
excited  by  odoriferous  pubstancos. 

II.  The  >?ecoud  ?et  of  nerves  distributed  to  the  nasal  passages 
eiste  of  the  nasal  branch  of  the  fijlh  pair,  and  it«  ramifications  (FigJ 
129,  a).     This  nerve,  after  entfrinff  the  cavity  of  the  nose  a  little  iii| 
advance  of  the  cribriform    jilate  of  the  ethmoid    boue,  xa  distributfi 
mainly  to  the  mucous  membrane  covering  the  inferior  turbinated  Jjotn 
and  liniug  the  inferior  meatus,  which  it  supplies  with  general  seiisi 
billty.    Some  of  its  filaments  are  also  continued  into  the  mueoas  mem':, 
branc  of  the  olfactory  rcpion,  in  proximity  with  those  of  the  tdfa 
nerves;  and  this  region,  according  to  the  observations  of  Babuc 
posj^esses  consequently  a  certain  amount  of  general  seofiibility,  thou^ 
much  less  than  the  remainder  of  the  nasal  passages. 

III.  The  thinl  yet  of  nerves  are  derived  froiu  the  Bpheno^taiatii 
gangfion  of  Ihe  si/mpafhetic  (Fig,   129,  3),  which  supply  the  mucous] 
membrane  of  the  posterior  part  of  the  nasal  pas^ges  and  the  mnecl 
of  the  posterior  nares.     Finally,  the  muscles  of  the  anterior  nares 
supplied  by  lilameuts  of  the  facial  nerve. 

Netrxsary  Cunditions  of  Ihe  Sense  of  Smell In  order  to  produc 

an  olfactory  impression,  the  emanations  of  the  odoriferous  body  must] 
be  drawn  freely  through  the  nasal  passages.  As  the  olfactory  mei 
brane  is  situated  only  in  the  upper  part  of  these  pa-ssages,  wbenerer  ail 
faint  or  delicate  odor  is  to  be  perceived,  the  air  is  forcibly  directedl 
toward  the  superior  turbinated  bones,  by  a  peculiar  inspiratory  moro-J 
mcnt  of  the  nostrils,  very  marked  in  many  of  the  lower  aninmls. 
the  odoriferous  vapors  arrive  in  the  upper  part  of  the  na:sal  passages, 
they  are  probably  dissolved  in  the  secretions  of  the  olfactory  mem-j 
brane,  and  thus  hroui^ht  into  relation  with  its  nerves.  Intlammatorf  I 
disorders  interft-re  with  the  sense  of  smell,  both  by  altering  the  secre 
tions  of  the  part,  and  by  catising  tumefaction  of  the  mucous  membrane 
and  obstruction  of  the  nasal  passages. 

A  distinction  is  to  be  made  between  true  odors  and  the  excitemenij 
of  the  general  sensibility  of  the  nasal  membrane  by  irritating  3ul 
stances.     Some  of  the  odors  are  similar  in  their  nature  to  impreeeioi 
of  taste.     Thus  there  are  sweet  and  sour  smells,  though  none  corre 
spending  to  the  alkaline  or  the  bitter  tastes.    Most  odors,  however,  ar«| 
of  a  peculiar  nature  and  ditBcuit  to  describe ;  but  they  are  always  dia 
tinct  from  the  simply  irritating  properties  which  belong  to  ccrtaiiil 
vapors  and  gases.     Thus,  pure  alcohol  is  ])rincipally  a  stimulant  to  ibo- 
mucous  membrane;  but  wines  have  in  addition  odoriferous  qualit' 
due  to  ingredients  of  vegetable  origin. 

The  vapor  of  pure  acetic  acid  is  simply  irritating ;  while  vineflrai! 
also  a  peculiar  odor,  derived  from  its  vegetable  constitnenbs.    AmmoniaJ 
18  an  irritating  gas,  but  contains  no  proper  odoriferous  principle. 


*  Strieker's  Manual  of  Histology,  Biick'a  Edition.    New  York,  1872,  p.  7W. 
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artery  dIminiBhes,  the  middle  coat  of  the  smallest  arterial  branches 
being  almost  exclusively  muscular.  The  fibres  of  this  coat  are  wrapped 
round  the  artery  in  an  annular  direction ;  producing,  when  called  into 
activity  at  any  point,  a  local  constriction  of  the  arterial  tube.  > 

Furthermore,  it  is  shown  by  observation  that  arteries,  like  other 
muscular  organs,  have  the  power  of  contractility.  Their  contraction 
in  the  living  animal,  under  mechanical  irritation  or  galvanic  stimulus, 
has  been  demonstrated  in  various  observations  quoted  by  Milne  Ed- 
wards,* and  corroborated  by  Vulpianf  in  more  extended  experiments 
on  the  same  subject.  The  carotid,  femoral,  hypogastric,  interdigital, 
auricular,  and  mesenteric  arteries,  have  all  been  seen  to  contract  when 
touched  with  the  point  of  a  needle,  rubbed  with  a  smooth  instrument, 
or  subjected  to  the  galvanic  current.  There  are  certain  peculiarities 
in  the  phenomena  thus  produced,  showing  a  physiological  relationship 
between  the  arteries  and  other  organs  composed  of  unstriped  muscular 
fibres.  First,  the  contraction  of  the  artery  does  not  take  place  imme- 
diately on  the  application  of  the  stimulus,  but  only  after  a  perceptible 
interval.  According  to  Vulpian,  when  the  electrodes  are  placed  for  a 
few  instants  in  contact  with  an  artery,  no  effect  may  bo  visible  on  their 
withdrawal;  but  after  a  short  time  the  vessel  diminishes  in  size, 
becoming  gradually  smaller  at  the  point  of  stimulation,  until  its 
calibre  is  nearly  or  quite  obliterated.  It  remains  in  this  condition 
for  t«n  or  fifteen  seconds,  after  which  it  slowly  enlarges  to  its  previ- 
ous size.  Secondly,  the  contractility  of  the  vascular  walls  under  local 
stimulation  is  more  distinct  in  the  branches  than  in  the  trunks  of  the 
arteries,  and  is  most  pronounced  in  their  smallest  ramifications.  This 
corresponds  to  the  anatomical  structure  of  these  vessels,  in  which  the 
muscularity  of  their  middle  coat  increa.«es  with  their  diminution  in  size. 

The  contraction  of  an  artery  under  these  circumstances  has  an  effect 
on  the  local  circulation.  The  diminished  calibre  of  the  vessel  allows 
a  smaller  quantity  of  blood  to  pass  through  it,  and  thus  produces  a 
partial  anaemia  of  the  region  supplied  by  its  branches.  If  this  region 
be  wanting  in  collateral  inosculations,  its  change  in  vascularity  may  be 
very  marked.  All  the  vascular  ramifications  beyond  the  constricted 
portion  of  the  artery  become  comparatively  bloodless ;  and  they  con- 
tinue in  this  condition  until  the  artery  relaxes,  and  again  allows  the 
free  entrance  of  blood.  While  the  entire  system,  therefore,  depends 
on  the  heart  as  an  organ  of  impulsion  for  the  circulation  in  general, 
each  artery  controls,  for  its  own  special  region,  the  quantity  of  blood 
admitted  to  the  capillaries  and  veins. 

Rhythmical  Contraction  of  Arteries  in  Particular  Parts. — If  the 
ear  of  a  white  rabbit  be  held  for  a  few  moments  against  the  light  it 
will  be  seen  that  its  blood-vessels  change  their  appearance  from  time  to 
time,  and  that  this  change  occurs  with  a  certain  regularity.     The  cen- 


*  Lemons  sur  la  Physiologic  et  I'Anatoraie  Compart.    Parifi,  1859,  tome  iv.,  p.  207. 
t  Le9onB  »ur  I'Appareil  Vasoxnotear.    Paris,  1875,  tome  i.,  p.  43. 
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tral  artery,  ai*  it  passes  from  the  base  of  the  ear  toward  its  apex,  divides 
into  brauchcs  supplying"  the  capillary  plexus ;  and  the  vesBek  emerging 
from  this  plexus  unite  iu  two  principal  veins,  which  return  along  the 
edges  of  the  organ  toward  its  ba*<e.  Both  the  ceulral  artery  with  xls 
branches,  and  the  principal  veins,  are  readih'  visible  by  transparency, 
while  the  interveninjy:  tissue  has  a  light  rosy  hue,  from  the  blood  in 
the  capillary  cireulation.  The  change  in  vascularity,  first  observed  by 
Schiff,*  takes  place  in  the  ^ollowiu^■  nuinner  :  The  central  artery  dimin- 
ishes in  size,  becoming  narrower  and  fainter,  until  nearly  invisible  It« 
branches  disappear,  the  ear  generally  becomes  more  pallid,  and  the 
veins,  receiving  from  the  capillaries  a  smaller  (juantity  of  blood,  appear 
less  numerous  and  less  distinct.  The  cireulation  in  the  origan  is  thus 
reduced  in  quantity  at  least  one-half.  This  condition  lasts  for  eight  or 
nine  seconds,  after  which  the  artery  begins  to  enlarge.  A  thread-like 
stream  of  blood  enters  it  from  below,  increasing  in  thickness  and  capac- 
ity, and  extending  rapidly  upward  into  the  arterial  ramifications.  The 
tissues  regain  their  rosy  color,  and  the  veins  l>ecouje  prominent  along 
the  edges  of  the  organ.  The  artery  is  then  in  a  state  of  diastole,  sup- 
plying the  ear  with  a  full  quantity  of  bloorj.  It  remains  in  this  condi- 
tion for  two  or  three  seconds,  when  another  contraction  takes  place, 
and  the  circulation  is  again  reduced.  These  alternations  of  constric- 
tion and  expansi«m  recur  usually  about  ten  or  twelve  times  }>er  minute^ 
They  are  not  strictly  uniform  either  in  extent  or  frequency,  but  they 
take  place  with  sufficient  regularity  to  show  that  they  are  not  accidental, 
but  depend  on  causes  of  internal  origin. 

It  is  probable  that  other  organs,  if  they  could  be  examined  by  trans- 
parency, would  show  a  similar  variation  in  vascularity.  The  small 
saphenous  wrtery  iu  the  rabbit  has  been  seen  by  Lovcu,  Riegel,  and 
Tulpian  to  exhibit  alternate  movements  of  constriction  and  dilatation 
once  or  twice  per  minute.  In  examining  the  circulation  in  the  frog's 
foot  under  the  microscope,  the  small  arteries  sometimes  show  a  local 
constriction  by  which  they  are  redticcd  in  diameter  f<>r  a  certain  time, 
afterward  enlarging  to  their  former  size ;  and  temporary  changes  of 
vascularity  in  the  glandular  organs  or  the  mucous  nicmbraneB  have 
long  been  kno'Hvn  to  take  place  in  connection  with  .**ecretion  or  digestion. 

Contraction  and  Dilaiaiion  of  Arteries  under  Keri^us  Influence, — 
When  the  Hympathetic  nerve  is  divided  in  the  neck,  one  of  the  most 
immediate,  and  striking  eOects  is  a  vascular  congestion  in  the  parte 
above,  on  the  correi*ponding  side.  This  effect  may  be  produced  in 
any  warm-blooded  animal,  but  is  especially  muuifest  in  the  ear  of  the 
white  rabbit,  where  the  va.scularity  is  easily  examined  by  transparency, 
and  where  the  corresponding  parts  on  the  two  sides  can  be  directly 
compared  with  each  other,  A  few  minutes  after  section  of  the  nerve 
all  the  vessels  of  the  ear  on  the  affected  side  become  turgid  with  blood. 
The  artery  enlarges,  its  branches  become  more  visible,  the  tissues  gen- 


*  Coinpttis  Rendus  de  I'AciKl^iiiie  dea  Sciences.     Pnris,  1834,  tome  xxxix,,  p.  506. 
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orally  are  ruddy  in  color,  and  the  marginal  veins  are  increased  in  size ; 
while  many  venous  branches,  which  were  before  imperceptible,  become 
distinctly  apparent.  The  artery  no  longer  exhibits  its  periodical  con- 
Btrictions,  but  remains  in  a  state  of  permanent  diastole,  and  the  quantity 
of  blood  circulating  in  the  ear  is  consequently  increased. 

A  variety  of  secondary  consequences  follow  from  this  condition. 
First,  the  temperature  of  the  ear  is  increased.  A  larger  quantity  of 
blood  from  the  interior  of  the  body,  passing  through  the  vessels,  com- 
municates its  warmth  to  the  tissues  of  the  part,  and  the  elevation  of 
temperature  is  perceptible  both  by  the  touch  and  the  thermometer. 
Secondly,  the  blood  in  the  veins  becomes  brighter,  since  in  its  more 
rapid  passage  through  the  capillaries  it  loses  less  oxygen,  and  con- 
sequently retains  more  nearly  the  hue  of  arterial  blood.  Thirdly,  the 
sensibility  of  the  parts  is  increased  and  reflex  actions  from  irritation  of 
the  integument  are  more  strongly  pronounced. 

These  results  are  not  confined  to  the  ear,  but  extend  to  all  parts  of 
the  head  and  face  on  the  side  of  the  section.  The  skin,  the  conjunctiva, 
the  mucous  membranes  of  the  mouth  and  nasal  passages,  even  the 
meninges  of  the  brain,  and,  according  to  Yulpian,  the  fundus  of  the 
eye  when  examined  by  the  ophthalmoscope,  all  show  an  increased 
vascularity  and  more  abundant  circulation. 

The  phenomena  above  described  are  increa.sed  in  intensity  by  extir- 
pation of  the  superior  cervical  ganglion  of  the  sympathetic.  They  are 
due  to  paralysis  of  the  muscular  coat  of  the  arteries  in  the  regions  suj)- 
plied  by  sympathetic  filaments  from  this  source.  Owing  to  this  paral- 
ysis, the  arteries  no  longer  offer  their  usual  resistance  to  the  pressure 
of  blood  from  the  heart.  Their  relaxation  admits  a  larger  quantity  to 
the  capillaries  of  the  corresponding  regions,  and  thus  causes  an  in- 
creased local  circulation. 

These  effects  of  division  of  the  sympathetic  are  all  reversed  by  its 
stimulation.  If  the  upper  extremity  of  the  divided  nerve  be  subjected 
to  faradization,  the  arteries  of  the  affected  ear  diminish  in  size,  the 
vascular  congestion  disappears,  and  the  local  temi)erature  becomes 
reduced  to  its  normal  standard,  or  even  lower.  The  varying  condition 
of  the  blood-vessels  under  nervous  influence  is  shown  by  an  experiment 
of  Bernard,*  in  Avhich  the  upper  part  of  a  rabbit's  ear  is  cut  oflF  by 
a  clean  incision,  allowing  the  blood  to  escape  in  jots  from  the  divided 
arteries.  The  force  and  height  of  the  jets  having  been  observed,  the 
sympathetic  nerve  is  divided  in  the  neck  on  the  corresponding  side. 
The  blood  at  once  escapes  from  the  wounded  ear  in  greater  abundance, 
and  the  arterial  jets  rise  to  double  or  trijile  their  former  height.  The 
galvanic  current  is  then  applied  to  the  nerve,  above  the  point  of 
section,  when  the  streams  of  blood  escaping  from  the  wound  diminish 
or  disappear;  but  they  recommence  when  the  galvanization  of  the  nerve 
is  suspended. 


*  Journal  de  la  Physiologie.     Paru,  1862,  p.  397. 
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The  sympathetic  nerves  accordingly  exert  an  influence  on  the  muscu- 
lar coat  of  the  arteries  similar  to  that  of  the  cerebro-spiual  nerves  on 
the  voluntary  musclcy.  They  cause  contraction  of  these  vessels,  a  dinoin- 
ished  flow  of  blood  through  them,  and  consequently  pallor  and  coolness 
in  the  corresponding  parts.  On  the  other  hand,  division  of  these 
nerves  causes  relaxation  of  the  arteries  and  all  the  secondary  reaults  of 
an  increased  supply  of  blood. 

Centres  of  Origin  of  the  Vntinmotor  Nerves. — From  facts  abovo 
detailed  it  is  evident  that  the  vasomotor  nerves  of  the  head  and  face 
come  from  below.  They  ascend  in  the  cervical  portion  of  the  sympa- 
thetic' nerve,  and  pass,  through  the  superior  cervical  ganglion,  to  their 
distribution  in  the  blood-vessels.  The  su|>erior  cervical  ganglion  is 
itself,  in  some  degree,  a  source  of  power  for  these  nerves ;  and  its  extir- 
pation produces  complete  and  durable  vascular  relaxation  in  the  parts 
above.  But  it  receives  at  least  a  portion  of  this  power  from  the 
sympathetic  nerve  in  the  neck ;  since  division  of  the  nerve  btdnw  the 
gangliou  is  sufficient  to  cause  a  distinct  congestion  in  the  corresponding 
parts. 

The  real  origin  of  the  vasomotor  fibres  of  the  sympathetic  is  in  the 
spinal  cord.  All  the  symprtlhetie  ganglia,  beside  fhcir  eounection  with 
each  other  by  the  longitudinal  tilament  of  the  sympathetic  nerve,  are 
connected  with  the  atljaceut  spinal  nerves  by  communicating  branches; 
and  many  of  the  fibres  composing  these  branches  may  be  traced, 
through  the  .sipinal  nerve  roots,  to  the  spinal  rord.  Furthermore, 
experiment  also  shows  that  the  spinal  cord  is  the  source  of  nervous 
actiuu  for  the  sympathetic  system. 

This  was  first  proved  by  Budge  and  Waller*  in  regard  to  the  action 
of  the  sympathetic  on  the  radiating  fibres  of  the  iris.  They  found  in 
the  rabbit  a  region  in  the  spinal  cord,  extending  from  the  first  cer- 
vical to  the  sixth  dorsal  vertebra,  within  which  galvanization  pro- 
duces dilatation  of  the  pupil,  as  if  the  sympathetic  itself  had  been  gal- 
vanized;  but  if  Ihe  syuTjtatbetic  be  previously  divided  in  the  neck 
on  one  side,  galvanization  of  the  cord  is  without  effect  on  the  pupil 
of  the  corresponding  eye,  while  it  still  causes  dilatation  on  the  side 
where  the  sympathetic  is  entire.  The  stimulus  therefore  passes,  in 
this  instance,  through  the  spinal  nerve  roots  and  their  brauches  to  the 
ganglia  at  the  root  of  the  neck,  and  Ihence  upward,  through  the  cervical 
portion  of  the  sympathetic  to  the  head.  The  part  of  the  spinal  cord 
whore  galvanization  produces  its  maximum  effect  on  the  pupil  is  that 
included  between  the  second  and  third  dorsal  vertebrre. 

It  was  subsefiiu'ntly  shown  by  Bernard  f  that  the  vasomotor  fibres 
for  the  head  emanate  ftoni  the  spinal  cord  in  the  same  region,  but 
at  a  slightly  different  level ;  so  that  the  fibres  going  to  the  iris  and 
those  influencing  the  blood-vessels  are  distinct  Ihou^rh  adjacent  in  their 
origin  fronv  the  cord.  If,  in  the  dog,  the  roots  of  the  first  two  dorsal 
nerves  be  divided  within  the  spinal  canal,  all  the  phenomena  connected 


*  Compter  RendiiH  de  T  Acnd^mie  dee  Sciences, 
t  Ibid.,  1862,  tome  Iv.,  p.  383. 
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with  the  pupil  and  eyeball  follow  in  tho  same  wny  aa  if  the  sympathetic 
had  been  cut  in  the  neck,  but  there  is  no  vascular  congestion  or  in- 
'Creaised  temperature  of  the  parts;  and  palvonization  of  the  perii>hcral 
wtremities  of  the  divided  nerve  roots,  causes  dilatation  of  the  pui»il. 
like  galvanization  of  the  sympathetic  in  the  neck.  On  the  other 
hand,  if  the  trunk  of  the  sympathetic  be  divided  in  the  upper  part  of 
the  chcBt,  between  the  hemU  of  the  second  and  third  rilts,  there  is  no 
contraction  of  the  pupil,  but  the  temperature  of  the  ear  is  increased 
from  4-'  to  6-'  C.  above  that  of  the  opposite  side. 

There  is  accordingrly  a  remarkable  difference  between  the  nerve  fibres 
for  sensation  and  vohnitary  motion  and  those  for  the  blood-ve.^sels  in 
the  route  which  they  follow  to  their  di.^tribution  in  the  head.  Tho 
sensitive  and  motor  nerves  of  the  head  and  face  emeri^e  from  the  ba.se 
of  the  bruin  and  pass,  through  the  cranial  foramina,  to  the  intcj?ument 
and  muscles.  Those  destined  for  the  blood-vressels  are  given  off  from 
th<'  spinal  cord,  mainly  with  the  roots  of  tiif  third  pair  of  dorsal  nerves, 
whence  they  join  the  sympathetic,  passing  upward  through  its  cervical 
portion  to  the  head  and  face. 

There  is  also  a  difference  of  origin,  though  less  marked,  between  the 
fibres  for  sensation  and  volition  and  those  for  vasomotor  action  in  the 
limbs.  The  vasomotor  fibres  for  the  upper  liii)l>  do  not  originate 
with  the  nerve  roots  going  to  form  the  brachial  plexus,  but  farther 
down,  in  the  dorsal  portion  of  the  cord.  Bernard  found  that,  in  the 
dog,  division  of  the  last  three  cervical  and  iirst  two  dorsal  nerves  within 
the  spinal  canal  causes  paralysis  of  motion,  and  sensation  in  the  cor- 
responding foreleg,  but  no  vascular  congestion  or  calorification.  On 
the  other  hand,  extirpation  of  the  first  thoracic  ganglion  of  the  sym- 
pathetic, or  section  of  the  nerves  of  the  brachial  plexus  after  they  have 
been  joined  by  filaiuents  from  this  ganglion,  cau.scs  an  elevation  of  tem- 
perature in  the  correspondiug  limb ;  aud  the  samo  result  follows  divi- 
sion of  the  thoracic  portion  of  the  sympathetic  between  the  third  and 
fotirth  dorsal  vertebrre.  The  vasomotor  fil)res  paralyzed  by  this  .section 
come  therefore  from  below  the  first  thoracic  ganglion ;  aud,  according 
to  Cyon,  they  emanate  from  the  spinal  cord  with  the  roots  of  the  dorsal 
nerves,  from  the  third  to  the  seventh  pairs  inclusive. 

The  vasomotor  fibres  for  the  lower  limb  have  a  similar  origin.  Ac- 
cording to  Bernard,  section  of  the  spinal  nerve  roots  destined  for  the 
lumbo-sacral  plexus,  in  the  dog,  paralyze  the  corresponding  hind  leg 
without  causing  increase  of  temperature ;  but  the  latter  effect  is  pro- 
duced in  addition  by  dividing  the  sympathetic  at  the  level  of  the  fifth 
and  sixth  lumbar  vertebrie,  or  by  section  of  the  sciatic  nerve.  The 
vasomotor  fibres  of  the  limbs  are  therefore  distinct  from  those  which 
supply  them  with  ordinary  motiou  aud  sensibility. 

Tonic  Contraction  of  Bloo^l-i^esiiels  and  its  Influence  on  the  CircU' 
lotion. — Under  the  stimulus  of  the  sj'inpathetic  fibres  distributed  to 
the  arterial  walls,  the  vessels  are  nurnmlly  maintained  in  a  moderate 
state  of  contraction.  This  continuous  muscular  activity  is  the  "  tone  '* 
or  tonic  contraction  of  the  arteries,  by  which  they  offer  a  certain  resist- 
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ance  to  the  pressure  of  the  blood.  The  blood  moves  aoeordinorly  under 
thp  influence  of  two  opposite  forces,  namely :  First,  the  cardiac  im- 
pulse, which  tends  to  urge  it  rapidly  through  the  circulation ;  and 
secondly,  the  tonic  arterial  resistance,  which  tends  to  delay  its  passage 
into  the  capillary  vessels.  The  tonic  arterial  contraction  varies  Mrith 
the  nervous  influences  which  control  it;  and  in  this  way  the  local 
activity  of  the  circulation  is  increased  or  diminished.  There  appears 
to  be  furthermore  a  compensating-  action  in  this  respect,  between  the 
blood-vessels  of  different  parts.  When  the  arteries  of  one  organ  are 
contracted,  diminishinnr  the  quantity  of  blood  which  it  contains,  vascu- 
lar pressure  must  Im*  increased  in  the  neijtrhborin^  parts,  unless  a  pro- 
portionate  enlargement  of  their  blood-vessels  restores  the  normal  rela- 
tion between  them,  Bui  when  the  vascular  tone  is  abolished  in  any 
reg-ion  by  division  of  its  sympathetic  nerves,  its  blood-vessels  yield  to 
the  pressure  of  the  rest  of  the  arterial  system,  and  remain  in  a  state 
of  turgescence  and  relaxation. 

Dilator  Nerves. — Beside  the  nerve  fibres  which  cause  contraction 
of  the  blood-vessels,  there  are  others  which  cause  their  dilatation.  The 
latter  class,  which>  from  their  mode  of  action,  are  called  "  dilator 
nerves,"  do  not  all  pass  throuirh  the  sympathetic  system,  but  are  dis- 
tributed from  the  cerebro-spinal  nerves  to  the  vascular  organs. 

The  most  striking  and  earliest  known  instance  of  the  action  of  a 
dilator  nerve  is  that  of  the  pneumogastric  in  connection  with  the  heart 
(page  489).  This  action  is  characterized  essentially  as  follows:  1st. 
Galvanization  of  the  nerve  causes  relaxation  of  the  heart,  and  conse- 
quently its  dilatation  by  blood  flowing  in  from  the  large  veins  ;  2d.  If 
the  nerve  be  divided  and  galvanization  applied  to  its  peripheral  extrem- 
ity, the  same  effect  is  produced,  showing  that  the  influence  is  direct  in 
its  operation,  following  a  centrifugal  course  through  the  nerve  to  the 
heart. 

A  similar  action  is  exerted  on  the  circulation  in  the  tongue  and  sub- 
maxillary gland.  These  observations,  first  made  by  Bernard,*  have 
been  corroborated  and  extended  by  subsequent  experimenters,  and 
especially  by  Vulpian.f 

The  vascular  supply  of  the  tongue  and  submaxillary  gland  receives 
nerve  fibres  from  two  sources,  namely  :  1st,  sympathetic  fibres  coming 
from  the  carotid  plexus  and  passing  with  the  arterial  branches  to  their 
distribution;  and  2d,  fibres  coming  from  the  facial  nerve  through  the 
chorda  tympani,  which  join  the  lingual  bratieh  of  the  fifth  pair,  and 
are  thence  distributed  to  the  tongue  and  submaxillary  gland.  The 
influences  exerted  by  these  two  sets  of  fibres  on  the  vascularity  of  the 
parts  are  the  opposite  of  each  other.  Section  of  the  sympathetic 
filaments  causes  r*?laxation  of  the  blood-vessels,  increased  circulation, 
ruddy  color  of  the  venous  blood,  and  abundant  salivary  secretion ; 
while  galvanization  of  their  peripheral  extremity  produces  contraction 


*  Le9onii  Bur  le»  Liquides  <\e  rOrgnnisme.     Parin,  1859,  tome  i.,  p.  312. 
t  LefOiiH  stir  r.\ppareil  Va«omoteur.     Paris,  1875,  tome  i.,  p.  163. 
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of  the  blood-vessels  and  general  reversal  of  the  foregoing  results.  But 
if  either  the  lingual  nerve,  or  the  chorda  tympani  above  its  junction, 
be  divided,  the  eflFect  is  a  diminution  of  the  circulatory  current  both  in 
the  tongue  and  submaxillary  gland.  On  the  other  hand,  galvanization 
of  the  peripheral  extremities  of  these  nerves  causes  dilatation  of  the 
blood-vessels,  and  all  the  phenomena  of  increased  circulation. 

It  must  be  admitted,  accordingly,  that  the  dilator  nerves  exert  a 
direct  local  influence  which  causes  relaxation  of  the  blood-vessels. 
The  mechanism  of  this  influence  is  not  easily  understood ;  since  the 
only  muscular  fibres  connected  with  the  arteries  surround  them  in  a 
circular  direction,  and  could  produce  by  their  contraction  no  other 
effect  than  a  narrowing  of  the  arterial  tube.  The  action  of  the  dilator 
nerves  can  only  be  explained  as  an  "action  of  arrest."  They  convey 
from  the  nervous  centres  outward  an  influence  which  for  the  moment 
interrupts  the  tonic  contraction  of  the  blood-vessels.  Owing  to  this 
suspension  of  tonicity,  the  vessels  dilate  under  the  pressure  of  the 
blood,  and  allow  it  to  circulate  in  larger  quantity.  When  the  suspen- 
sive action  is  terminated,  the  normal  stimulus  of  the  sympathetic  fibres 
restores  the  tonicity  of  the  blood-vessels,  and  the  circulation  returns  to 
its  ordinary  condition. 

The  action  of  arrest,  as  a  nervous  phenomenon,  is  not  confined  to  the 
vascular  system.  All  the  sphincters  exhibit  it  in  a  marked  degree. 
These  muscles  are  habitually  in  a  state  of  tonic  contraction,  by  which 
they  keep  the  outlets  of  the  body  closed  without  voluntary  effort. 
But  when  evacuation  of  the  rectum  or  bladder  is  to  take  place,  the 
first  step  in  the  process  is  an  influence  proceeding  from  the  spinal  cord, 
which  suspends  the  contraction  of  the  sphincters ;  and  after  their  relaxa- 
tion, the  expulsion  of  the  urine  or  feces  is  effected  by  other  muscles. 
Wherever  antagonistic  muscles  exist,  it  is  evident  that  the  contraction 
of  one,  to  be  effective,  must  be  accompanied  by  the  relaxation  of  its 
opposite ;  and  in  all  voluntary  movements,  the  relaxation  of  one  set 
of  muscles  is  as  prompt  and  as  accurately  adjusted  as  the  contraction 
of  the  other.  It  is  probable  that  the  action  of  arrest  plays  an  impor- 
tant part  in  the  nervous  operations  generally  ;  but  it  is  most  distinctly 
manifest  in  the  dilator  nerves  of  the  vascular  system. 

Be  flex  Contraction  and  Dilatation  of  the  Blood-vessels. — Thus  far 
the  variations  in  calibre  of  the  blood-vessels  have  been  shown,  in  exper- 
imental observations,  to  depend  on  the  immediate  action  of  the  vasomotor 
and  dilator  nerves.  But  in  the  living  body  these  variations  are  habit- 
ually reflex  in  their  mode  of  production.  The  vascular  contraction  or 
dilatation  which  shows  itself  in  a  particular  area,  is  duo  to  the  impres- 
sion received  by  a  sensitive  surface,  conveyed  inward  to  some  nervous 
centre  of  the  vasomotor  system,  and  thence  reflected  in  a  centrifugal 
direction  to  the  blood-vessels.  The  most  frequent  instance  of  reflex 
vascular  constriction  is  that  which  follows  irritation  of  the  central 
extremity  of  a  sensitive  nerve.  This  ofTect  has  been  observed  by 
many  experimenters,  and  is  regarded  as  nearly  invariable.  Galvaniza- 
tion of  the  central  extremity  of  the  sciatic  nerve  causes  general  con- 
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striction  of  the  blood-vessels  throughout  other  parts  of  the  body,  indi- 
cated by  increased  arterial  pressure,  A  similar  result  is  produced  by 
irritatiou  of  the  trij^eminus  or  other  sensitive  nerves  or  nerve  roots, 
or  by  that  of  extended  repions  of  the  integument.  According  to  Vul- 
pian,*  this  effect  is  very  observal)le,  in  dogs,  on  the  under  surface  of 
the  tongue  after  division  of  one  sciatic  nerve.  On  galvanizing  the 
upper  extremity  of  the  nerve,  the  under  surface  of  the  tongue  grows 
paler,  and  its  superficial  veins  diminish  visibly  in  size,  or  even  become 
imperceptible.  This  action,  which  is  first  conveyed  by  the  sciatic  nerve 
to  the  spinal  cord,  is  finally  transmitted  to  the  tongue  through  the 
fibres  of  the  sympathetic ;  since  if  the  sympathetic  be  divided  in  the 
cervical  region,  the  above  results  are  no  longer  produced  on  that  side 
from  irritation  of  thn  sciatic  nerve. 

Reflex  dilatation  of  the  blood-vessels  is  also  of  frequent  occurrence. 
It  is  distinctly  manifested  in  the  rabbit's  ear  on  galvanizing  the  central 
extremity  of  the  anterior  corvico-auricular  nerve  after  its  division.  This 
effect,  formerly  obhcrvod  by  Schiff  and  Rouget,  is,  according  to  Vulpian, 
one  of  the  easiest  to  reproduce;  especially  if  the  animal  be  first  poisoned 
by  woorara,  which  suspends  the  action  of  the  voluntary  muscles,  and 
prevents  their  interfering  with  the  blood-vessels  by  local  contraction. 
Reflex  vascular  dilatation  is  also  the  usual  accompaninjcnt  of  hx^il 
injuries  or  irritJitions.  Congestion  soon  shows  itself  in  the  neighbor- 
hood of  any  wound  in  the  intogument  or  subcutaneous  tissues ;  and  the 
int€stine.s,  when  exposed  by  opening  the  al>dominal  cavity,  become 
rapidly  covered  with  an  increased  vascularity. 

The  most  familiar  examples  of  reflex  dilatation  are  those  occurring 
in  the  glands  and  mucous  nii'mbranes  at  the  tinje  of  their  functional 
excitement.  These  organs  present  alternate  conditions  of  repose  and 
activity.  In  the  former  condition  their  blood-vessels  are  moderately 
contracted,  supplying  blood  in  small  fjuantity  for  the  nutrition  of  the 
glandular  tissues,  or  for  the  preparation  of  their  special  organic  ingre- 
dients. But  when  the  period  arrives  for  active  secretion,  there  is  a 
dilatation  of  the  blood-vessi-ls,  with  increased  local  circulation  and  fre« 
exudation  of  the  secreted  fluids.  This  phenomenon  was  witnessed  in 
the  mucous  membrane  of  the  stomach,  so  long  ago  as  in  the  obser- 
vations of  Beaumont*  on  the  gastric  fistula  of  Alexis  St.  Martin  ;  and 
it  has  subsequently  lieen  observed  in  many  similar  cases.  In  the  sub- 
maxillary gland  of  the  dog,  reflex  vascular  congestion  is  at  once  pro 
duced  by  introducing  vinegar  into  the  mouth,  or  by  any  stimulus 
which  excites  the  salivary  secretion.  A  similar  variation  was  found 
by  Bernard  in  the  vascularity  of  the  pancreas  and  duodenum,  in  the 
dog,  under  the  conditions  of  fasting  and  digestion.  In  the  inttfrvals 
of  digestion  these  organs  are  pallid,  with  but  few  blood-vessels  visible 
upon  their  surface.  But  after  the  introduction  of  food,  and  while 
digestion  is  going  on,  their  appearance  is  greatly  changed.     The 


*  Lemons  sur  I'Appareil  Vafiomoteiir.     Paris,  1875,  tome  i.,  p.  238. 
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smaller  arteries  are  more  abundantly  visible,  their  curvatures  more 
pronounced,  and  their  pulsations  more  strongly  marked.  The  super- 
ficial veins  are  also  increased  in  size  and  apparent  numbers,  and  the 
intervening  tissues  have  a  ruddy  color,  due  to  the  abundant  circulation 
in  their  capillary  vessels.  This  condition  lasts  for  a  certain  time,  while 
secretion  and  digestion  are  in  progress;  after  which  it  gradually  subsides, 
and  the  circulation  returns  to  its  former  state  of  comparative  inactivity. 

It  is  evident  that  these  reflex  actions  take  place  in  some  nervous  cen- 
tre, in  which  the  centripetal  impression  is  converted  into  a  centrifugal 
impulse.  It  appears  that  the  ganglia  of  the  sympathetic  system  act  in 
some  measure  as  nervous  centres  for  this  purpose.  This  is  indicated 
by  the  fact  that  the  vascular  paralysis  of  the  head  and  face,  following 
division  of  the  sympathetic  nerve  in  the  neck,  is  more  pronounced  if 
the  superior  cervical  ganglion  be  extirpated ;  and,  as  a  general  rule, 
removal  or  destruction  of  the  sympathetic  ganglia  produces  more  effect 
than  simple  section  of  the  nerve  trunk.  According  to  Vulpian,  after 
removal  of  the  entire  brain  and  the  upper  half  of  the  spinal  cord, 
including  the  origin  of  the  brachial  nerves,  in  the  frog,  extirpation  of 
the  cervical  ganglion  of  the  sympathetic  is  followed  by  vascular  con- 
gestion of  the  corresponding  half  of  the  tongue  and  l)uccal  cavity.  The 
sympathetic  ganglia  have  therefore  a  certain  influence  as  the  sources 
of  nervous  power  for  vascular  parts. 

But  the  action  of  these  ganglia  is  limited  in  importance,  and  affects 
only  the  parts  to  which  their  fibres  are  directly  distributed.  It  has 
already  been  shown  that  the  roots  of  the  sympathetic  system  emanate 
from  the  spinal  cord,  and  that  they  emerge  from  it  at  special  points  for 
the  head  and  limbs  respectively.  There  is  reason  to  believe  that  they 
traverse  the  cord  for  some  distance  before  detaching  themselves  from 
its  surface,  and  that  their  source  in  the  gray  substance  is  at  a  higher 
level.  According  to  numerous  observers,  a  transverse  section  of  the 
cord  in  the  cervical  region  causes  marked  vascular  relaxation  through- 
out the  body,  as  if  all  the  vasomotor  fibres  had  been  divided  in  descend- 
ing from  above.  This  effect  is  produced  by  transverse  sections  of  the 
cerebro-spinal  axis  at  any  level  in  the  cervical  portion  of  the  cord  or  in 
the  medulla  oblongata,  nearly  to  the  posterior  edge  of  the  tubercula 
quadrigemina ;  but  not  by  sections  above  that  point.  It  is  accordingly 
maintained  by  some  physiologists  (Schiff,  Owsjannikow,  Li^geois)  that 
there  is  a  common  centre  for  all  the  vasomotor  fibres  of  the  body, 
situated  in  the  medulla  oblongata  or  immediately  above.  In  the  opinion 
of  others  (Brown-Sequard,  Vulpian)  the  vasomotor  centres  are  more 
widely  scattered  in  the  cerebro-spinal  axis ;  since  reflex  modifications 
of  vascularity  may  still  be  produced  to  some  extern  t  after  division  of 
the  spinal  cord  in  the  cervical  region,  and  even  certain  lesions  in  the 
cerebral  hemispheres  seem  to  produce  vascular  congestion  in  the  limbs 
or  internal  organs.  This  question  is  not  positively  determined ;  but 
it  appears  certain  that  the  main  centres  of  reflex  action  for  the  vascular 
system  are  in  the  cerebro-spinal  axis,  whence  their  nerve  fibres  are 
distributed,  by  various  routes,  to  all  parts  of  the  body. 


CHAPTER   VIII. 
THE  SENSES. 

THE  senses  are  the  endowments  by  which  we  gain  perception  of 
external  objects  and  phenomena.  They  are  consequently  the  primi- 
tive source  of  all  information,  and  the  channels  of  all  conscious  relation 
with  the  external  world.  The  term  sensation  indicates  the  perception 
of  any  impression  from  without,  of  whatever  nature.  The  senses,  on 
the  other  hand,  are  subdivisions  of  the  main  function,  each  devoted  to 
a  particular  class  of  phenomena.  They  are  five  in  -number,  namely : 
1.  General  sensibility.  2.  The  sense  of  taste.  3.  The  sense  of  smell. 
4.  The  sense  of  sight.    5.  The  sense  of  hearing. 

General  Sensibility. 

General  sensibility  is  the  faculty  by  which  we  appreciate  the  simpler 
physical  properties  of  external  objects,  such  as  their  consistency,  sur- 
face, temperature,  and  mass.  It  exists  throughout  the  general  integu- 
ment, and  in  the  mucous  membranes  near  the  exterior.  Notwithstand- 
ing that  it  includes  several  different  impressions,  they  are  all,  so  far  as 
we  know,  communicated  by  the  same  nerves ;  and  the  grade  of  send- 
bility  for  all  varies  in  the  same  direction  and  to  the  same  degree  in 
different  parts  of  the  body.  The  sensations  thus  produced,  though 
presenting  certain  differences  from  each  other,  are  therefore  associated 
under  the  head  of  general  sensibility. 

Sense  of  Touch. — This  is,  perhaps,  the  simplest  form  of  sensory  im- 
pression, and  is  known  as  "  tactile  sensibility."  It  is  produced  by  the 
contact  of  foreign  bodies  with  the  sensitive  surface,  and  gives  informa- 
tion as  to  their  solidity,  configuration,  and  indifferent  or  irritating  quali- 
ties. There  is  a  certain  variety  in  these  impressions,  but  they  evidently 
belong  to  the  same  group.  There  is  no  essential  difference  in  the 
effect  of  sharp-pointed  instruments  or  irritating  substances  applied  to 
the  skin,  the  passage  of  the  galvanic  current,  pungent  liquids  in  con- 
tact with  the  tongue,  or  pungent  vapors  in  the  nasal  passages.  They 
are  all  impressions  of  tactile  sensibility,  and  depend  on  a  similar  irri- 
tation of  the  nervous  extremities. 

The  grade  of  tactile  sensibility  varies  in  different  regions.  The  method 
adopted  for  appreciating  this  variation  consists  in  applying  to  the  skin 
or  mucous  membrane  the  points  of  a  pair  of  compasses,  tipped  with 
small  pieces  of  cork.  If  the  two  points  be  a  very  short  distance  apart, 
they  cannot  be  accurately  distinguished  from  each  other,  and  the  two 
sensations  are  blended  into  one.     The  minimum  distance  at  which  the 
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points  can  be  distinguished  thus  indicates  the  grade  of  sensibility  at 
that  spot.  The  observations  of  Valentin*  give  the  following  as  the 
limits  of  distinct  perception  in  different  regions : 

D18TANOK  AT  wraoH  Two  Points  mat  be  Sepabatelt  Distinovibhed. 


At  the  tip  of  tongue 

1.00  millimetre. 

"       palmar  surface  of  tips  of  fingers 

.      1.50 

(t 

"            "          "       of  second  phalanges      .      8.24 

(( 

"            "          "       of  first  phalanges 

.      8.44 

(( 

"       dorsum  of  tongue 

.       5.22 

t( 

"       dorsal  surface  of  fingers 

.       8.12 

(( 

"      cheek    .... 

.       9.46 

11 

"       back  of  band 

.     14.50 

It 

"       skin  of  throat 

.     17.27 

(( 

"       dorsum  of  foot      . 

.     26.10 

t( 

"       front  of  sternum  . 

.     88.07 

u 

'•       middle  of  back 

.     50.43 

n 

This  method  does  not  necessarily  measure  the  acuteness  of  sensi- 
bility, since  the  two  points  might  be  less  easily  distinguished  from  each 
other  in  any  one  region,  and  yet  the  intensity  of  the  sensation  produced 
might  be  as  great  as  in  the  surrounding  parts ;  but  it  affords  an  esti- 
mate of  the  delicacy  of  tactile  sensation,  by  which  we  distinguish 
slight  inequalities  of  surface  in  foreign  bodies.  There  is  reason,  how- 
ever, to  believe  that  the  two  qualities  correspond  with  each  other  in 
development  in  various  localities ;  and  tactile  sensibility  is  frequently 
found  to  be  most  delicate  where  the  amount  of  sensation  is  also  greatest. 
A  feeble  galvanic  current  may  be  perceived  at  the  tips  of  the  fingers, 
though  it  may  produce  no  impression  on  the  limbs  or  trunk ;  and  one 
too  faint  to  be  distinguished  by  the  fingers  may  be  perceptible  at  the 
tip  of  the  tongue. 

Certain  parts  of  the  body,  furthermore,  are  especially  suitable  for 
organs  of  touch,  not  only  from  their  acute  sensibility,  but  also  on 
account  of  their  conformation  and  mobility.  In  man,  the  hands  are 
the  most  favorably  constructed  for  this  purpose,  owing  to  the  varied 
movement  of  the  fingers,  by  which  they  may  be  applied  to  surfaces  of 
any  form,  and  brought  successively  in  contact  with  all  their  parts. 

In  some  animals,  the  long  bristles  on  the  lips  are  used  for  this  pur- 
pose, each  bristle  being  connected  at  its  base  with  a  nervous  papilla ; 
and  in  the  elephant  the  end  of  the  nose,  developed  into  a  flexible  and 
sensitive  proboscis,  is  the  principal  organ  of  touch.  This  function, 
therefore,  may  be  performed  by  any  part  of  the  body  where  the  acces- 
sory organs  are  suflBciently  developed. 

In  the  head  and  face,  the  sensibility  of  the  skin  is  dependent  on  the 
branches  of  the  fifth  pair.  In  the  body  and  limbs  it  is  due  to  the  sen- 
sitive fibres  of  the  spinal  nerves.  It  exists,  to  a  considerable  extent,  in 
the  mucous  membranes  of  the  mouth  and  nose,  and  other  passages 


*  Todd's  Cyclopedia  of  Anatomy  and  Physiology,  vol.  iv.,  article  Touch. 
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leading  to  the  interior.  Sensibility  is  most  acute  in  mucous  mem- 
branes supplied  by  the  fifth  pair,  namely,  in  the  conjunctiva,  anterior 
part  of  the  nares,  inside  of  the  lips  and  cheeks,  and  the  anterior  two- 
thirds  of  the  tongue.  It  diminishes  Irom  without  inward,  and  disap- 
pears altogether  in  the  internal  organs  not  abundantly  supplied  with 
cercbro-spinal  nerves. 

Sensations  of  Temperature. — The  appreciation  of  temperature  is,  in 
general,  most  highly  developed  in  parts  which  have  the  greatest  tactile 
sensibility.  The  difference  in  this  respect  between  the  sensitive  integu- 
ment of  the  face  and  the  comparatively  insensible  scalp  is  very  marked ; 
and  hot  applications  may  he  readily  borne  by  the  scalp  which  would  be 
intolerable  upon  the  face.  The  extent  of  surface  exposed  has  also  an 
influence  on  the  effect  produced  by  temperature ;  and  a  moderate  degree 
of  warmth  or  cold  applied  over  a  large  area  is  more  readily  perceived 
than  if  confined  to  a  limited  region.  There  is  evidence  that  the  im- 
pressions of  temperature  and  those  of  touch  are  either  transmitted  by 
different  nerve  fibres,  or  depend  on  different  forms  of  nervous  excite- 
ment ;  since,  according  to  Brown-Sdquard,*  there  are  instances  in  which 
the  two  kinds  of  sensibility  are  impaired  independently  of  each  other. 
In  some  forms  of  paralysis,  tactile  sensibility  may  be  lost  while  that 
of  temperature  remains ;  or,  on  the  other  hand,  the  power  of  appreci- 
ating temperature  may  disappear  while  impressions  of  contact  are  still 
perceived. 

Sensations  of  Pain. — The  sense  of  pain  is  different  in  character  from 
that  caused  by  tactile  impressions  or  variations  in  temperature.  It  is 
produced  by  exaggerated  mechanical  irritation  or  by  excessive  heat  or 
cold ;  and  in  most  instances,  when  the  intensity  of  an  impression  rises 
above  a  certain  point,  the  ordinary  perceptions  disappear,  and  that  of 
pain  takes  their  place.  Thus  if  the  blade  of  a  kuife  or  the  point  of  a 
needle  be  placed  gently  in  contact  with  the  skin,  we  perceive,  by  tactile 
sensibility,  its  qualities  of  form  and  surface.  But  if  the  pressure  be 
increased  beyond  a  certain  degree,  or  if  the  integument  be  wounded, 
we  have  no  further  perception  of  the  physical  properties  of  the  foreign 
body,  and  are  only  conscious  of  the  pain  which  it  inflicts.  The  appre- 
ciation of  cold  or  warmth,  in  like  manner,  is  only  possible  within  mod- 
erate limits ;  and  when  either  is  so  excessive  as  to  produce  pain,  all 
accurate  notion  of  the  degree  of  temperature  is  lost.  The  contact  of  a 
red-hot  iron  and  that  of  one  much  below  the  freezing-point  of  water 
produce  sensations  not  essentially  different  from  each  other,  and  marked 
only  by  their  painful  character. 

The  sense  of  pain  may  be  preserved  or  lost  independently  of  other 
kinds  of  sensibility.  The  ansesthesia  produced  by  ether  or  chloro- 
form may  be  carried  to  such  a  point  that  the  capacity  for  feeling  pain 
is  abolished,  while  tactile  sensibility  remains ;  and  in  this  condition  the 


*  Physiology  and  Pathology  of  the  Central  Nervous  System.    Philadelphia,  1860, 
pp.  84,98, 125. 
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wounds  caused  by  puncturing  or  cutting  instruments  may  be  felt,  un- 
accompanied by  any  sense  of  Buflrering".  Similar  observations  have  been 
made  in  cases  of  paralysis,  where  the  patient  can  sometimes  perceive  the 
contact  of  foreign  bodies  without  experiencing  any  painful  sensation; 
or,  on  the  other  hand,  the  sense  of  paid  may  persist,  while  that  of 
touch  is  diminished  or  lost.  Notwithstanding  this  apparent  indepen- 
dence of  the  necessary  conditions  for  the  sensation  of  pain,  it  is  trans- 
mitted by  the  same  nerves  which  convey  ordinary  impresKJons ;  and 
those  which,  like  the  branches  of  the  fifth  pair,  are  endowed  with  the 
most  acute  tactile  sensibility,  are  also  capable,  in  injury  or  disease,  of 
giving  rise  to  the  severest  painful  impresfiions. 

Mode  of  Action  of  the  Senses  in  general. — There  are  certain  facts 
connected  with  general  sensibility,  and  common  to  the  operation  of  all 
le  Bensee,  which  arc  of  sufficient  importance  to  be  considered  by  them- 

Ives. 

In  the  first  place,  an  impression  of  any  kind,  made  upon  a  sensitive 
organ,  remains  for  a  tiwt;  after  the  r-emtwal  of  its  exciting  cause. 
The  excitement  produced  in  the  nerve  fibres  has  a  eertain  persistence, 
which  is  longer  in  some  cases  than  in  others,  but  which  exists  to  some 
extent  in  all.  The  pressure  of  a  foreign  body  upon  the  skin,  especially 
if  somewhat  forcible  and  enutinuedj  is  felt  for  a  pereeplible  interval  after 
the  foreign  body  is  reniuved.  The  sense  of  cold  or  warmth,  from  the 
eontuct  of  ice  or  heated  liquids,  lasts  more  or  less  after  their  application 
is  discontinued.  Even  for  the  seiLSie-s  of  sight  and  hearirjg,  the  same 
fact  may  be  verified;  and  the  duration  of  the  nervous  impression,  though 
very  short,  has  been  found  suseeptibh'  of  measurement. 

Secondly,  the  organs  of  sensii  after  a  time  become  accustomed  to  a 
continued  impression,  so  that  it  is  no  longer  perceived.  If  a  uniform 
pressure  Ik-,  exerted  on  any  part  nf  the  body,  it  at  last  fail.n  to  attract 
notice,  and  we  become  unconscious  of  its  existence.  In  order  to  again 
excite  a  sensation,  the  pressure  must  he  increased  or  diminished,  or 
changed  in  locality  or  direction. 

The  olfactory  apparatus  also  becomes  habituated  to  odors,  whether 
agreeable  or  disagreeable.  A  continuous  and  uniform  sound,  like  the 
rumbling  of  carriages,  or  the  hissing  of  boiling  water,  becomes  after  a 
time  inaudible ;  but  when  the  sound  ceases  our  attention  is  excited 
by  the  change.  The  senses,  accordingly,  receive  their  stimulus  as 
much  firom  the  variation  and  contrast  of  external  impressions  as  from 
the  impressions  themselves. 


Sense  of  Taste. 

The  sense  of  taste  is,  in  some  measure,  intermediate  in  character 
between  general  and  special  sensibility.  The  organ  by  which  it  is 
eattrcised  is  furnished  with  vascular  and  nervous  papillte  analogous  to 
those  of  the  general  integument.  Its  mucous  metiiltnine  is  also  endowed 
with  general  sensibility.  Although  it  is  highly  probable  that  certain 
minute  formations  in  its  epithelial  layer,  known  as  "taste  buds,"  may 
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be  especially  connected  with  the  perception  of  savors,  there  is  tfaos  ftr 
no  certainty  in  this  respect ;  and  in  any  case  the  tat^tilc  and  piiHtatory 
sensibilities  are  closely  intermingled  in  the  mucous  membrane.  The 
sensibility  of  taste,  furthermore,  is  not  confined  to  the  fibres  of  a  sinj?le 
nerve,  but  resides  in  pnrtions  of  two,  which  also  supply  g-eneral  sensi- 
bility to  the  corresponding  parts ;  and  lastly,  thotifrh  some  /i^ustatory 
impressions  are  of  a  distinctly  special  character,  others,  like  the  taste  of 
oily  or  mucilag:inou8  substances,  differ  but  little  from  those  of  tactile 
sensibility. 

The  sense  of  taste  is  localized  in  the  mucous  membrane  of  the  toDf^^e, 
the  soft  palate,  and  the  pillars  of  the  fauces.  The  lonirue  is  a  flattened, 
leaf-like  muscular  orpnn,  attached  to  the  symphysis  of  the  lower  jaw  in 
front,  and  to  the  os  hyoides  behind.  It  has  a  vertical  sheet  of  fibrous 
tissue  in  the  median  line  serving  as  its  framework,  and  is  provided  with 
longitudinal,  transverse,  and  radiating*  muscular  fibres,  by  which  it  can 
be  protruded  or  retracted,  or  nn3ved  in  a  lateral  direction. 

The  Ungual  papSHie  are  of  three  kinds.  First  the  filiform  papillm, 
which  are  the  most  numerous,  and  which  cover  most  uniformly  the 
upper  surface  of  the  tongue.  They  are  long  and  slender,  covered 
with  horny  epithelium,  and  usually  prolonged  into  filamentous  tuits. 
Secondly,  the<  fun<fifonn  papiUse.  These  are  thicker  and  larger  than 
the  foregoing,  of  a  clul)-shaped  figure,  and  covered  with  soft  epithelium. 
They  are  most  abundant  at  the  tip  uf  the  tongue,  but  may  be  seeD 
elsewhere  on  the  surface  of  the  organ,  scattered  aniong  the  filiform 
papillce.  Thirdly,  the  rircumvallate  papillse.  These  are  the  rounded 
eminences,  eight  or  ten  in  numlier,  which  form  the  V-shaped  figure  near 
the  foramen  ceecum.  Each  consists  of  a  central  eminence,  surrounded 
by  a  wall  or  circumvallation,  from  which  they  derive  their  name.  The 
circuravallation,  as  well  as  the  central  eminence,  has  a  structure  similar 
to  that  of  the  fungiform  papillne. 

The  sensitive  nerves  of  the  tooguo  arc  two  in  number,  namely,  the 
lingual  branch  of  the  fifth  pair,  and  the  lingual  portion  of  the  glos- 
sopharyngeal. The  lingual  branch  of  the  fifth  pair  enters  the  tongue 
at  the  anterior  border  of  the  hyoglossal  muscle.  Its  l)ranches  pass 
from  below  upward  and  from  iK'hind  forward,  l.>etween  the  muscular 
bundles  of  the  organ,  until  they  reach  its  mucous  membrane,  where 
their  fibr^^s  penetrate  the  lingual  papillap. 

The  lingual  portion  of  the  glossopharyngeal  nerve  paases  into  the 
tongue  below  the  posterior  border  of  the  hyoglossus  muscle.  It  then 
divides  into  branches,  which  pass  through  the  muscular  tissue,  and  are 
distributed  to  the  mucous  nienibrauo  of  the  base  and  sides  of  the  organ. 

The  mucous  nierubrane  of  the  base  of  the  tongue,  of  its  edges,  and 
of  its  under  surface  near  the  tip,  as  well  as  that  of  the  mouth  and  faucee 
generaUy,  is  also  supplied  with  raucous  follicles  furnishing  a  viscid 
secretion  by  which  its  surface  is  lubricated.  The  muscles  of  the  tongue 
are  animated  exclusively  by  filaments  of  the  hypoglossal  nerve. 

The  exact  seat  of  the  sense  of  taste  has  been  determined  by  placing 
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in  contact  with  different  parts  of  the  mucous  membrane  a  ftmall  sponge, 
moistened  with  a  sweet  or  bitter  solution.  The  experiments  of  Dug^a, 
Verniere,  and  Longct,  have  shown  that  taste  resides  in  the  w-holo 
upper  surface,  the  point  and  edges  of  the  tongue,  the  soft  palate,  fancea, 
and  part  of  the  pharynx.  The  base,  tip,  and  edges  of  the  tongue  poa- 
STSS  the  greatest  amount  of  sensibility  to  savorK,  the  middle  portion  of 
ite  dorsum  less,  and  its  under  surface  little  or  none.  As  the  whole 
anterior  part  of  the  organ  is  supplied  by  the  lingual  branch  of  the  fifth 
pair,  and  the  whole  of  its  posterior  portion  by  the  glossopharyngeal, 
it  follows  that  the  sense  of  taste  is  derived  from  both  these  nei'ves. 

A  distinction  is  to  lie  made,  iu  the  action  of  foreign  substances  taken 
into  the  moutb,  between  the  gpecial  impreftmonH  derived  from  their 
tapid  qualities,  and  the.  general  ftensationA  prrtduced  by  their  ordinal^ 
J)hy8ical  properties.  As  the  same  substance  is  often  capable  of  exciting 
both  tuotiio  and  gustatory  impressions,  they  aro  sometimes  liable  to  bo 
confounded  with  each  other.  The  qualities  which  we  perceive  by  the 
speeial  sense  of  taste  are  savors,  designated  by  the  terms  sweet,  bitter^ 
salt,  gour,  alkaline,  and  the  like.  Beside  these,  however,  there  are 
other  qualities,  which  partake  largely  of  the  nature  of  ordinary  physical 
properties,  appreciabjo  by  means  of  general  sensibility.  A  starchy, 
oily,  or  mucitafjinous  taste,  when  uncomplicated  with  additional  savors, 
ia  but  little  diflferent  in  kind  from  tactile  impressions.  The  quality  of 
pungency,  communicated  to  the  food  by  certain  condiments,  as  pe])per 
or  mustard,  is  appreciated  altogether  by  the  general  sensibility.  The 
styptic  taste  seems  to  lie  an  ordinary  astringent  effect  combined  with  a 
pecaliar  excitement  of  the  gustatory  nerves,  analogous  to  that  caused 
by  the  galvanic  stimulus. 

Furthermore,  the  taste  or  savor  of  a  substance  is  to  be  distinguished 
from  its  odoriferous  properties  or  favor.  In  roost  aromatic  liquids, 
such  as  tea,  coffee,  and  wine,  a  great  part  of  the  effect  produced  is  due 
to  the  aroma  or  smell  which  reaches  the  posterfor  nares  In  the  act 
of  swallowing.  Even  in  many  kinds  of  solid  food,  such  as  freshly 
cooked  meats,  odor  has  an  important  share  in  the  impres.sion  on  the 
senses.  If,  during  the  deglutition  of  such  substances,  the  nares  hn 
closed,  so  as  to  su.spend  in  great  measure  the  sense  of  smell,  their  flavor 
becomes  nearly  impereoptible ;  and  a  similar  effect  is  produfrd  by  catar- 
rhal  inflammation  of  the  nasal  passages,  which  impairs  for  the  time 
the  sensibility  of  the  olfactory  membrane. 

Necessary  Conditions  of  the  Sense  of  Tade. — There  are  certain  con- 
ditions requisiti'  for  gustatory  impressions,  beside  the  integrity  of  the 
organ  by  which  they  are  received. 

First,  the  sapid  substance,  in  order  that  its  taste  may  be  perceived^ 
must  be  in  solution.  So  long  as  it  remains  solid,  however  marked  a 
savor  it  may  possess,  it  gives  no  other  impression  than  that  of  a  foreign 
body  in  contact  with  the  tontrue.  But  if  applied  in  a  liquid  form,  it 
spreads  over  th«  mucous  membrane,  and  its  taste  is  perceived.  Thus 
it  is  only  the  liquid  and  soluble  portions  of  the  food  which  are  tasted, 
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sucb  as  the  animal  and  vej^etablc  juices  and  the  solable  saltf!.  Saline 
substancos  which  arc  insoluble,  such  as  calomel  or  load  carbonate,  pro- 
duce no  g-uf^tatory  impression. 

Thi'  mechanitfm  of  tiiste  is,  in  all  probability,  direct  and  simple.  The 
sapid  substances  in  solution  are  ab.sorV>ed  by  the  linjrual  papillse,  and, 
coming'  in  contact  with  the  terminfi)  nervous  filaments,  excite  sensibility 
by  uniting  with  their  substance.  The  rapidity  with  which  endosmosis 
will  take  place  under  certain  conditions  is  sufficient  to  account  for  the 
quick  perception  of  sapid  substances  introduced  into  the  mouth. 

It  is  ou  this  account  that  free  secretion  of  salim  is  favorable  to 
the  gustatory  function.  If  the  mouth  be  dry,  food  has  but  little  taste. 
But  when  the  Haliva  is  freely  secreted,  it  is  mixed  with  the  food  in 
mastication,  assisting  the  t^olution  of  its  sapid  ingredients;  and  the 
fluids  of  the  mouthy  impregnated  with  the  savory  substances,  are  ab- 
sorbed by  the  mncoua  membrane  and  excite  the  gustatory  nerrea. 

An  important  part  is  taken  in  thin  process  by  the  movements  of  the 
tomjtie.  By  these  movements  the  food  is  carried  from  one  part  of 
the  mouth  to  another,  compressed  against  the  mucou.s  membrane,  its 
solution  assisted,  and  the  penetration  of  fluids  into  ihe  pupilhe  more 
rapidly  accompHshod.  If  powdered  sugar,  .or  a  semi-solid  bitter  ex- 
tract, be  simply  placed  mjmn  the  dorsimi  of  the  tongue,  little  or  uo 
eflfect  is  produced  ;  but  when  pressed  by  the  tongue  against  the  roof 
of  the  mouth,  iu  the  movements  of  eatiug  or  drinking,  its  ta^^te  i» 
immediately  perceived.  Thi.s  is  explained  by  the  w*'ll-knowa  fact  that 
movement  and  friction  facilitate  the  liquefaction  and  imbilntion  of 
soluble  substances.  The  nervous  papillee  of  the  tongue  may  therefore 
be  regarded  as  the  essential  instruments  of  taste,  and  the  lingual 
muscles  as  its  accessory  organs. 

Impressions  of  taste  made  upon  the  tongue  remain  for  a  certain 
time  afterward.  When  a  very  sweet  or  a  very  bitter  substance  is 
taken  into  the  mouth,  its  taste  is  retained  for  several  seconds  after  it 
has  been  ejecli'd  or  swallowed.  Consequently,  if  different  savors  be 
presented  to  the  tongue  in  rapid  succession,  they  become  undistinguish- 
able.  and  produce  only  a  confused  combination  of  several  impressions. 

If  the  substance  fir.nt  tasted  have  a  particularly  marked  savor,  its 
impression  will  preponderate  over  that  of  the  others.  A  similar  effect 
is  produced  by  substances  which  excite  the  general  sensibility  of  the 
tongue,  such  as  acrid  or  stimulatiug  powders;  and  it  belongs,  in  the 
greatest  degree,  to  substances  which  are  at  the  same  time  sapid,  pun- 
gent, and  aromatic,  like  sweetmeats  flavored  with  the  volatile  oils. 
Advantage  is  sometimes  taken  of  this  in  the  administration  of  disagree- 
able medicines.  By  flrst  taking  into  the  mouth  some  highly  flavored 
and  pungent  substance,  nauseous  drugs  may  be  immediately  swallowed 
with  but  little  perception  of  their  qualities. 
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Sense  of  Smell. 

The  distingrniBhing  rharnctpr  of  this  sense*  Is  that  it  appreciates  the 
quality  of  gaseous  or  vaporous  substances.  It  cftu  therefore  detect 
odoriferous  matters  at  a  distance,  and  when  concealed  from  sight.  It 
differs,  fiirthcrainre,  from  the  sense  of  tnste  in  being  more  distinctly 
localized;  since  it  is  coiifini'd  to  the  upper  portion  of  the  naisal  passagca 
and  dei>ends  on  the  filaments  of  a  single  pair  of  nerves. 

The  mucous  membrane  covering  the  superior  and  middle  turbinated 
bones  and  the  upper  part  of  the  septum  nasi,  which  is  alone  capable 
of  receiving  otlorous  impressions,  is  known  as  the  otfftrfonj  wembrane. 
It  is  distinguishable  from  that  lining  the  rest  of  the  nasal  passages ; 
lat,  by  its  color,  which  in  man,  the  sheep,  and  the  calf  is  yellow,  but 
in  most  other  mammalia  has  a  brownish  tinge ;  2dly,  by  its  softer 
consistency;  3dly,  in  the  greater  thickness  of  the  whole  nienjbrane, 
and  especially  of  its  epithelial  layer.  According  to  KiilUker,  the  epi- 
thelium of  the  olfactory  membrane,  in  the  sheep  and  rabbit,  is  about 
sixty  per  cent,  thicker  than  that  of  the  remaining  nasal  membrane. 
In  most  quadrupi'ds  the  epithelinm  of  the  nasal  mucous  membrane 
generally  is  covered  with  vibrating  cilia,  which  are  absent  in  the 
olfactory  portion ;  but  in  man  cilia  are  also  found  in  the  olfactory 
portion.  This  tlifference  is  probably  connected  with  the  inferior  acute- 
ness  of  smell  in  man,  as  compared 
with  the  lower  animals.  Fio.  129, 

The  nasal  passages  arc  pro- 
vided with  nerves  from  three 
sources. 

I.  The  first  and  most  important 
of  these  are  the  olfactory  nerves  ^JSli0^i^ 

(Fig.  129,  ,).  They  are  derived 
from  the  olfactory  bullis,  resting 
on  the  cribriform  plate  of  the 
ethmoid  bone,  through  which 
their  filaments  penetrate  the  up- 
per part  of  the  nusul  passages. 
They  contain  only  pale,  flattened, 
nucleated  nerve  fibres,  destitute 
of  a  medullary  layer.  Their 
branches  divide  and  subdivide, 
fonnijig  microscopic  pk'xusea  in 
the  substance  of  the  olfactory 
membrane ;  and  the  finest  ner- 
vous ramifications  have  been  followed  nearly  to  the  epithelial  surface 
of  the  membrane. 

There  is  no  doubt  that  the  filaments  given  off  from  the  olfactory 
bulbs  are  the  special  agents  for  conimunicatLng  olfactory  impressions, 
and  that  they  are  the  only  ones  endowed  with  this  kind  of  sensibility. 
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So  far  as  we  can  judge  from  the  results  of  experiment,  they  are  not 
cajnvljle  of  recoh'ing  or  transmitting  any  other  sensations  than  thogo 
excited  hy  odoriferouH  substaneoB. 

IL  The  iieeoud  set  of  nerves  diatributcd  to  the  nasal  passages  con- 
sists of  the  naml  branch  of  the  fifth  pair,  and  its  ramificationiri  (Fig. 
129, 2).  This  norve,  afur  entering  the  cavity  of  the  nose  a  little  in 
advance  of  the  erihritbrni  fdtite  of  the  etlimoid  bono,  ia  distributed 
mainly  to  the  mucous  membrane  covering  the  inferior  turbinated  bone 
and  lining  the  inferior  meatus,  which  it  supplies  with  general  sensi- 
bility. Some  of  its  filaments  are  also  continued  into  the  mucous  mem- 
brane of  the  olfactory  region,  in  proximity  with  those  of  the  olfactory 
nerves ;  and  this  region,  according  to  the  observations  of  Babuchin^* 
possesses  consequently  a  certain  amount  of  general  sensibility,  though 
much  loss  thaji  the  remainder  of  the  nasal  passages. 

III.  The  third  set  ui'  nerves  are  derived  from  the  sphe no-palatine 
gaiiftlion  of  the  sijrnpafhetic  (Fig.  129,  ,),  which  supply  the  mucous 
membrane  of  the  posterior  part  of  the  nasal  passages  and  the  niQscles 
of  the  posterior  nares.  Finally,  the  muscles  of  the  anterior  nares  nre 
supplied  by  filaments  of  the  facial  nerve. 

Necessary  Conditions  of  the  Sense  of  Smell. — In  order  to  produce 
an  olfactory  impression,  the  emanations  of  the  odoriferous  l)ody  must 
be  drawn  freeltj  through  the  nasal  pasfiagen.  As  the  olfactory  mem- 
brane is  situated  only  in  the  upj>er  part  of  these  passages,  whenever  a 
faint  or  delicate  odor  is  to  be  piTceived,  the  air  is  forcibly  directed 
toward  the  .superior  turbinated  bones,  by  a  peculiar  inspiratory  move- 
ment of  the  nostrils,  very  marked  in  many  of  the  lower  animals.  As 
the  odoriferous  vapors  arrivu  in  ihv  upper  part  of  the  nasal  passages, 
they  are  probably  dissolved  iu  the  secretions  of  the  olfactory  mem- 
brane, and  thus  brought  into  relation  with  its  nerves.  InHammatory 
disorders  interfcr**  with  the  sense  of  smell,  both  by  altering  the  secre- 
tions of  the  part,  and  l»y  causing  tumefaction  of  the  mucous  membrane 
and  obstruction  of  the  nasal  passages. 

A  distinction  is  to  be  made  between  true  odors  and  the  excitement 
of  the  general  aenaibility  of  the  nasal  membrane  by  irritating  sub- 
stances. Some  of  the  odors  are  similai*  in  their  nature  to  impressions 
of  taste.  Thus  there  are  sweet  and  sour  smells,  though  noue  corre- 
sponding to  the  alkaline  or  the  bitter  testes.  Most  odors,  however,  are 
of  a  peculiar  nature  and  difficult  to  descril.>e ;  but  they  are  always  dis- 
tinct from  the  simply  irritating  properties  which  l>elong  to  certain 
vapors  and  gases.  Thus,  puje  alcohol  is  jtrincipally  a  stimulant  to  the 
mucous  membrane ;  but  wines  have  in  addition  odoriferous  qualities, 
due  to  ingredients  of  vegetable  origin. 

The  vapor  of  ]>ure  acetic  acid  is  simply  irritating ;  while  vinegar  has 
also  a  peculiar  odor,  derived  from  its  vegetable  constituents.  Ammonia 
is  an  irritating  gas,  but  contains  no  proper  odoriferous  principle. 

*  Stricker'B  Manual  of  Ilutologj,  Bock's  Edition.    New  York,  1872,  p.  709. 
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The  sense  of  smell,  which  is  only  moderately  developed  in  man,  is 
very  acute  in  many  animals.  The  dog  will  not  only  discover  game 
and  follow  it  by  the  scent,  hul  will  diHtinguisb  individualB  by  their 
odor,  or  recognize  articles  of  dress  bfloii^Ing  to  them  by  the  minute 
quantity  of  odoriferous  vapor  adhering  to  the  fabric. 

Sense  of  Sight. 

This  is  the  most  remarkable  of  all  the  senses,  both  for  the  sjiecial 
nature  of  its  impressions,  the  complicated  structure  of  its  apparatus, 
and  the  variety  and  value  of  the  information  which  it  affords  with 
•fegard  to  external  objects.  It  is  by  this  sense  that  we  receive  imprcs- 
«ionH  of  light  and  color,  with  all  their  modifications  of  intensity  and 
combination,  and  acquire  our  principal  ideas  of  form,  space,  and 
movement.  The  eye  is  equally  sensitive  to  the  impressions  of  light, 
whether  it  come  from  near  or  remote  objects,  or  even  from  the  immeas- 
urable distances  of  the  fixed  stars.     It  is  suixsrior  to  the  other  organs 

Fio.  130. 
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10.  Ujtloid  membrane.    II.  Caiikl  of  Ptilll.    12.  ViLrootut  body. 

sense  in  its  rapidity  of  action,  and  in  the  delicacy  of  the  distinctions 
which  it  is  capnhle  of  making  in  the  physical  lualities  of  external  ob- 
jects; and  it  affords  the  most  continuous  and  iQdi><])ensable  aid  for  all 
the  ordinary  occiij  atiiJtis  of  life. 

Organ  of  Vision. — The  oyeball  consists  of  a  spheroidal  fibrous  sac, 
the  sclerotic  coai  (Fig.  130, ,),  filted  with  fluid  rnd  gelatinous  mat-e- 
lial,  provided  anteriorly  with  a  transparent  fwrtion,  the  cornea  (J,  and 
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lined  posteriorly  with  a  nervous  expansion,  the  retina  (,),  which  is 
seu.sitive  to  light,  and  which   receives  the   luminous  rays   admitted 
throun:h  the  cornea.     The  cavity  of  the  eyeball  is;  therefore  like  that 
of  a  room  with  but  one  window,  where  all  the  li/»ht  enters  in  froot, 
and  strikes  the  back  wall  of  the  npartnjcut.     There  are,  in  addition  toi 
the  above-mentioned-parts,  a  tratisparent  refracting  body  with  convex' 
Burfacos,  the  crystalline  lens  (.),  by  which  the  light  is  concentrated  at 
the  retina ;  a  perforated  muscular  diaphrag'ra,  the  iris  (?),  plao'd  in  front  < 
of  the  lens,  which  reguUitea  the  (juanlity  of  light  admitted  through  it*' 
central  oriiice,  the  pupil ',  and  tinulty  a  vascular  membrane  with  an 
opaque  layer  of  blaekish-brown   pigment,  the  choroid  (j),  lining  the 
inner  .surface  of  the  sclerotic  and  the  posterior  surface  of  the  iris,  thua 
preventing  reflectioarf  within  the  eye,  and  absorbing  the  light  which 
hari  once  passed  through  the  retina.     The  construction  of  the  eyeball, 
in  its  general  arrangement  as  an  organ  of  vision,  is  not  unlike  that  of  J 
a  photographic  camera;  where  the  gensitize«l  plate  at  the  back  parti 
represents   the   retina,  the    blackened   inner   surface  of   the    box   the 
choroid,  while   the   optical   glasst*8  of  the  tul>e  in  front  perform  the 
office  of  the  crystalline  lens  and  cornea  of  the  eyebalL 

ScleroHc  Coat. — The  sclerotic,  so  named  from  its  toughness  Aod 
resistance,  is  the  external  protective  membrane  of  the  eyebalL  It  ia 
composed  of  condensed  connective  tissue,  similar  to  that  of  the  faecis 
and  fibrous  membranes  in  general ;  and  toward  its  anterior  third  it 
receives  the  tendons  of  the  external  muscles  of  the  eyeball,  which 
become  fused  with  its  substaDce,  Posteriorly  it  is  continuous  with  the 
ucurilemma  of  the  optic  nerve  (Fig.  130,  ,),  which  penetrates  it  from 
behind  at  its  entrance  into  the  eyeball.  A  portion  of  the  sclerotic  ia 
visible  anteriorly  through  the  conjunctiva,  forming  the  so-called  "white'*] 
of  the  eye. 

Cornea, — The  cornea,  which  derives  its  name  from  it^  horny  con- 
sistency and  appearance,  forms  the  anterior  part  of  the  wall  of  the  eye- 
ball.    It  occupies  the  nearly  circular  space  loft  at  this  situation  by  tIk*J 
deficiency  of  the   sclerotic,  with  which  it  is  continuous  at  its  edge*; 
the  difference  in  the  pliysiea!  pp|>eiirunce  of  the  two  l>eing  that  the 
sclerotic  is  white  and  opaque,  while  the  cornea  is  colorless  and  trans- j 
parent,  so  that  the  colored  iris  and  dark  pupil  are  visible  through  ita  | 
Bub.'^tance.     The  surface  of   the  cornea  has  a  sharper  curvature  than 
thai  of  the  sclerotic,  and  projects  from  the  front  of  the  eyeball,  like' 
a  small  dome  set  upon  a  larger  one.     Its  outline,  where  it  joins  th»j 
edge  of  the  sclerotic,  is  u  lit  Ik*  oval  in  form,  its  transverse  diameter  I 
being  slightly  longer  than  the  vertical.     At  its  centre,  it  is  about  0.ft| 
raillimetn;   in    thickness,  becoming  a  little  thicker  at  its   edges.     Ild| 
anterior  surface  is  kept  polished  and  brilliant  by  the  watery  lachrymal  | 
secretion,  distributed  over  it  by  the  movements  of  the  eyeball  and  lids. 

At  the  outer  border  of  the  cornea  there  is  a  small  circular  canal,  the 
canal  vf  Schlrmm  (Fig.  liJO,  ,),  eoclo.sed  in  this  part  of  the  wall  of 
the  eyebalL     The  posterior  wall  of  the  canal  of  Schlemm  is  composed 
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Btic  and  t^'ndinous  tissue,  and  gives  attachment  to  the  ciliary 
mu8cle  on  the  one  hand,  and  on  the  other  to  the  outer  border  of  the 
iris.  The  canal  is  regarded  bv  most  auatomisits  as  occupied  by  a 
venons  plexus,  receivinjif  veins  from  the  ciliary  muscle  and  from  the 
anterior  part  of  the  scJerotie. 

Choroid, — The  choroid  coat  is  a  vascular  and  pigmentary  mem- 
brane, lining'  the  inner  surface  of  the  sclerotic,  and  presenting  ante- 
riorly a  thickened  portion,  the  "  ciliary  body."  The  inner  part  of  the 
ciliary  bwJy  is  thrown  into  radiating  folds,  the  "ciliary  processes," 
which  surround  tlie  lu»rdors  of  the  crystalline  lens.  The  inner  surface 
of  the  choroid  is  occupied  by  a  layer  of  hexagonal  uucleated  cells,  filled 
with  blackish-brown  pigment.  Similar  pigment  is  also  deposited, 
though  less  abundantly,  in  the  substance  and  near  the  external  sur- 
face of  the  choroid.  At  its  anterior  part,  the  choroid  is  separated  from 
the  sclerotic  by  the  ciliary  muscle  (Fig.  130,  j).  This  umscte  is  coni- 
poBed  of  unstriped  fibres,  which  arise  from  the  posterior  wall  of  the 
canal  of  Schleuiui,  at  the  junction  of  the  sclerotic  and  cornea,  and 
thence  diverge  in  a  radiating  direction,  outward  and  backward,  to  Xx^ 
inserted  into  the  ext^'rnal  surface  of  the  choroid,  where  it  passes  into 
the  folds  of  the  ciliary  processes.  At  the  anterior  and  inner  part  of  the 
mascle  there  are  also  bundlo8  of  circular  fibres,  parallel  with  the  margin 
of  the  cornea.  The  muscle  is  thus  composed  of  two  parts,  nanudy,  an 
internal  circular,  and  an  external  radiating  portion,  the  fibres  of  which 
are  more  or  lejss  interwoven  with  each  other  at  its  inner  edge. 

Iris. — The  iris  is  a  variously  colored  membrane,  extending  across 
the  cavity  of  the  eyeball,  attached  by  its  external  border  to  the  pos- 
terior wall  of  the  canal  of  Schlemni,  and  pre,seuting  at  its  centre  the 
nearly  circular  orifice  of  the  pupil.  It  consists  of  connecti\'e  and  mus- 
cular tissue,  with  an  abundant  supply  of  blood-vessels,  and  is  covered 
on  its  posterior  surface  by  a  layer  of  blackish-brown  pigment  cells;, 
continuous  with  those  of  the  choroid.  The  color  of  the  iris,  which 
appears,  in  different  individuals,  blue,  gray,  brown,  or  black,  dejiends 
on  the  abundance  and  disposition  of  its  pigmentary  elements.  In  gray 
and  blue  eyes,  the  visible  hue  of  the  iris  comes  from  the  diffused  light 
of  it*  semi-transparent  tissues,  seen  against  the  dark  background 
of  the  pigment  layer  on  its  posterior  surface.  In  brown  nnd  bJuck 
eyes,  the  pigment  is  more  abundant,  and  is  deposited,  according  to 
KcilHker  and  Crnveilhior.  not  only  on  the  posterior  aspect  of  the  iris, 
but  ab<o  in  its  stroma,  between  its  fibres,  and  to  some  extent  even  on 
its  anterior  surface.  It  thus  predominates,  and  extinguishes  more  or 
leas  completely  the  diffused  light  of  the  remaining  elements  of  the  tissue. 

The  position  of  the  iris  is  such  that  while  its  outer  border  is  attached 
to  the  junction  of  the  cornea  and  sclerotic,  its  central  portion  is  in  eon- 
tact  with  the  anterior  surfact^  of  the  crystalline  lens.  According  to 
Helmholtz,*  the  iris  in  myopic  eyes  is  sometimes  so  nearly  flat  that 
it  throws  no  perceptible  shadow  under  an  extreme  lateral  illumination; 
but  in  normal  eyes,  as  a  rule,  the  portion  immediately  surrounding  the 
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pupil  is  sufficiently  prominent  to  throw  a  distinct  shadow ;  and  if  the 
source  of  illuminution  be  not  more  than  one  millimetre  in  advance  of 
the  edgi}  of  the  cornea,  the  shadow  may  extend  even  to  \Ia  oppoeile 
border. 

When  the  impil  dilates,  the  central  prominence  of  the  iris  of  cour 
diraiai:!ihes,  or  disiipixnirs ;  but,  accordin>f  to  Helmholtz,  the  pnplllar 
border  of  the  iris  hardly  separates  from  the  anterior  fac*  of  the  lt;na, 
even  in  the  mo*tt  eomplote  dilatation  obtainable  by  belladonna. 

The  miLricUilur  iibrets  of  the  irin  are  arranged  in  two  »ets,  namely, 
sphincter  and  dilator  muscles  of  the  pupil 

The  sphincter  pupilla-  is  composed  of  cir<'ular  fibres,  situated  at  tl 
pupillary  marjrin  of  the  iris,  in  ,sucb  a  majiiur  that  their  eontractic 
diminishes  the  oritice  of  the  pupil,  while  their  relaxation  allows  it 
ealarirement.  When  the  ephiiicter  is  in  a  state  of  nuxlerale  contrac 
tion,  the  remaining  nou-contraetili'  tis.'^ues  are  thrown  into  radiatin| 
folds,  which  extend  I'roni  the  pupillary  nianriii  for  one-third  or  ou< 
half  the  distance  toward  the  outer  border  of  the  iris. 

The  dilator  puj/illae,  which  consists  of  radiating  filires,  is  more  dif 
ficult  of  demonstration,  and  its  existence  in  man  cuntinued  to  be 
juatter  uf  uucertainty,  after  it  wan  known  to  lx>  present  in  anintal 
It  has,  however,  been  deHcrtbed  by  so  many  independent  observers 
that  there  can  l)e  no  doubt  of  its  forminp  a  normal  part  of  the  mu&ct 
lar  apparatus  of  the  iris.  Its  fibres  are  interwoven  with  thostt  of  tl 
sphincter  at  the  pupillary  niar^'^in,  and  thence  diverge  toward  tl 
attached  border  of  the  iris,  either  as  isolated  bundles  running  betweti 
the  blood-vessels  (Briieke,  Kolliker),  or  as  a  very  thin,  coutJouoc 
sheet  on  the  post-erior  surl'uce  of  the  iris,  beneath  its  pigmentary  lay* 
(Htnle,  Iwanoff).  According  to  Kolliker,  the  iris  also  containii  ell 
nients  analogous  to  the  fibres  of  elastic  tissue,  which  may  asaisi  in  il 
dilatation. 

The  pigmentary  layer,  which  is  continuous,  over  the  inner  eurfioe 
of  the  choroid,  the  ciliary  procc'^ses,  and  the  posterior  surface  of  Ihfr, 
iris,  is  called  the  system  of  the  uvea,  from  its  resemblance  to  the  eldftj 
of  a  purple  grape  separated  from  its  stem,  the  opening  of  the  mer 
branous  sac  at  the  jmini  of  detachment  representing  the  orifice  of 
pupil.     Owing  to  the  existence  of  this  layer,  no  light  can   peuetrst 
the  eyeball  except  through  the  jMipil ;  and  rays  which  have  reached  ll 
retiiia  at  any  puitit  are  arrested  there,  and  prevented  from  dispersion' 
over  other  part.'<. 

Aqueous  Humor  and  Vitreous  Body, — The  cavity  of  the  eyeball  i^ 
divided,  by  the  transverse  partition  of  the  iris,  into  two  portiom? — au 
anterior  and  posterior.     The  portion  in  front  of  the  iris,  called  tl 
"anterior  chamber,'*  is  filled  with  a  colorless,  transparent  watery  fluid,| 
the  aquroim  hnmfn\     This  fluid  serves  to  maintain  the  internal  tensioi 
of  the  eyeball,  and  to  allow  of  changes  in  the  iris  and  crystalline  Ici 


*  Optique  PhyRiologique.     PuriR,  1867,  p.  90. 
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without  affoctinji?  thr  external  configuration  of  the  cornea.  The  pos- 
terior ttnd  larger  portion  of  the  eavity  of  the  I'veliall  is  fillinl  by  a.  semi- 
fluid gelaiiiious  Bubstauce,  the  v^Ureous  botbj,  so  called  from  itn  trans- 
parent and  glas.sy  appearance.  Its  refractive  power,  according  to 
UelnihoUz,  though  slightly  greatw  thun  that  of  the  aqueous  humor, 
doe.s  not  differ  much  from  that  of  water.  It  distends  the  greater  part 
of  the  cavity  of  the  Hilurotic,  supports  the  retina  which  lies  upon  its 
surface,  and  preserves  the  biiheroidul  form  of  the  eyolmll. 

The  vitreous  body  is  envelopKd  by  an  exceedingly  thin,  enlorlftss 
xnembrane,  for  the  moat  part  without  definite  structure,  and  according 
to  KiilUkcr,  not  more  than  4  minui.  in  thicknesf^.  Thin  is  the  "hyaloid 
niembrnne  "  (^18^- 130,  to).  It  extends  over  the  posterior  and  middle 
portions  of  the  vitreous  body  to  a  zone  corresponding  with  the  ciliary 
body  of  the  choroid.  Here  it  becomes  thicker  and  divides  into  two 
layers.  The  anterior  layer,  which  is  the  stronger  of  the  two,  the  zone 
of  Zinn,  extends  forward  and  inward,  remaining  adherent  to  the  ciliary 
body,  and  terminates  in  the  cjipsule  of  the  crystalline  lens,  just  in  front 
of  \\A  lateral  border.  The  posterior  layer  passes  inward  and  a  little 
backward,  t^^rminating  also  in  the  cnpsulo  of  the  lens,  but  a  little  behind 
its  lateral  border.  The  triangular  canal  between  the  two  layers  of  the 
hyaloid  membrane  and  the  lateral  border  of  the  lens  is  the  canal  of 
Fetii  (Fig.  130,  „),  and  is  filled  with  a  transparent  aerosity.  The  lens 
is  thus  suspended,  from  all  sides,  by  a  double  layer  derived  from  the 
hyaloid  membrane. 

Crystalline  Lena. — The  lens  is  a  transparent,  refractive  body,  with 
convex  anterior  and  posterior  surfaces,  placed  directly  l»ehind  the  pupil, 
where  it  is  retained  in  pohitlon  by  the  counterbalancing  pres.sure  of  the 
a<pieou8  humor  and  the  vitreous  l)ody,  ami  by  the  suspensory  layers  of 
the  hyaloid  membrane. 

As  its  refractive  power  is  greater  than  that  of  the  cornea  or  the 
aqueous  humor,  it  acts,  l>v  virtue  of  its  double-convex  form,  as  a  con- 
verging lens,  to  change  the  direction  of  rays  passing  through  it,  and 
bring  them  to  a  focus  behind  its  po.sterior  surface.  The  amount  of  con- 
yer^QCe  tbua  effected  by  a  refractive  lens  depends  on  the  substance 
of  which  it  is  composed  and  the  curvature  of  its  surfaces.  The  stronger 
the  curvatures,  for  lenses  compo.sed  of  the  same  nujterial,  the  greater 
their  refractive  power  for  luminous  ray.«.  In  the  crystalline  lens  of  the 
human  eye,  the  two  surfaces  are  different  in  curvature ;  the  anterior 
being  com|mratively  flat,  the  posterior  more  convex,  AceordiBg  to  the 
estimates  of  Listing,  based  on  a  variety  of  measurements  and  adopted 
by  Helmholt/.,  the  radius  of  curvature  for  the  anterior  surface  is,  on 
the  average,  10  millimetres,  that  for  the  posterior  surface  6  millimetres. 

This  makes  the  crystalline  lens  the  strongest  refracting  body  in  the 
eyeball,  and  by  its  aid  i>arallel  or  diverging  rays  are  brought  to  a  focus 
at  the  retina.  This  effect  is  not  due  entirely  to  the  lens,  since  the  con- 
vex form  of  the  cornea  and  the  more  or  less  spheroidal  figure  of  the 
whole  eyeball  have  in  some  degree  a  similar  action.     According  to 
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Heliuholtz,  parallel  rays  would  be  brouyht  to  a  focus  by  the  eomtt' 
alone  at  b  point  10  niillJmotres  Ix^hind  the  retina.      But  on  paaang 
throug-h  the  Ions,  their  couvorpcnce  is  increased  to  such  a  degree  tl 
they  are  conrentratod  ut  the  retiua. 

The  function  of  the  crystalline  lens  t8  to  give  perception  of  form  at 
outline.  If  the  eye  consisted  otdy  of  a  sensitive  retina,  covered  wi| 
transparent  inte^rument,  althdiig'h  impressions  of  lijarht  would  l-ie  rt<*iv( 
by  such  a  retina,  they  eould  trive  no  idea  of  the  form  of  object**, 
only  the  sensation  of  a  confused  luminosity.  This  condition  is  illi 
trated  in  Fig.  131,  where  the  arrow,  a,  b,  represents  the  luminous  object, 
and  the  vertical  dotted  line,  at  the  ripht  of  the  diagram,  represents  tbc 
retina.  The  rays  diver^injf  from  every  point  of  the  object  will  thus 
reach  every  pnrt  of  the  retina  ( I,  2,  3,  4,);  and  each  one  of  tbese  parts 
will  receive  riiy.s  comirijr  both  from  the  point  of  the  arrow,  a,  and  fr 
its  butt,  b.  There  will,  therefore,  be  no  distinction,  upon  the  reti 
between  different  purt?^  of  the  object,  and  no  jM^rception  of  its  fis^ur 
But  if,  between  the  object  and  the  retina,  there  be  inserted  a  len*.  wil 
the  proper  curvatures  and  density,  as  in  ¥ig.  132,  the  effect  will  be 
ferent.     Alt  the  rays  emanatiug  from  a  will  then  bo  concenlmted  at 
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and  all  those  emanating:  from  b  will  be  concentrated  at  t/.  Thos  tl 
retina  will  receive  the  impression  of  the  point  of  the  arrow  i^eparat 
from  tlmt  nf  its  butt ;  and  all  parts  of  the  object,  in  like  manner,  wi 
be  distinctly  perceived. 

The  action  of  a  lens,  in  thus  focussinjar  luminous  rays  at  a  particnli 
pointy  may  be  illustrated  in  the  following  manner:  If  a  sheet  of  whit 
paper  be  held  at  a  shoi'l  dis^tauce  Ironi  a  candle  flame,  in  a  room  with 
ether  source  of  light,  the  whole  of  the  paper  will  bo  nioderat^dy 
uniformly  illuminated  by  the  diverging  rays.  But  if  a  double  eonve 
g^lasa  lens,  with  suitable  curvatures,  be  interi>OKed  Iwtween  the  f>a{ 
and  the  light,  the  outer  |»nrtion8  of  the  piapT  will  Ix^come  darker  »ij 
its  central  portion  brighter,  because  a  portion  of  the  rays  are  divert 
from  their  original  course  and  bent  inward.  By  varying  the  distance 
of  the  lens  from  the  paper,  a  point  will  at  last  be  found,  where  none  of 
the  light  reaches  the  external  parts  of  tlie  sheet,  but  all  of  it  is  cooccn- 
trated  upon  a  single  spot;  and  at  this  spot  will  be  seen  a  distinct  iioa^ 
of  the  end  of  the  candle  and  its  flame. 

Perception  of  the  figure  of  external  objects  therefore  de])eads  oo  Iba 
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actiou  of  the  crystalline  lens  in  converging  all  the  rays,  cnmuating  from 
a  given  point,  to  a  fotnia  at  the  retina.  For  this  purpose,  the  dtusity 
of  the  lens,  the  curvature  of  its  surfaces,  and!  its  distance  from  the  retina, 
must  all  be  properly  adapted  to  each  other.  If  the  leas  were  too  convex, 
and  its  refractive  power  excessive,  or  if  its  distance  from  the  retina 
were  too  great,  the  rays  would  cross  each  other  and  become  partially  dii*- 
persed  before  reaching  the  rflina,  as  in  Fig.  133.  The  vi.^ual  iiupres- 
sion.  therefore,  of  any  point  in  the  object,  would  not  be  concentrated 
and  distinct,  but  difllised  and  dim,  frunj  bein<j^  more  or  less  dispersed 
over  the  retina,  and  interfering  with  the  impressions  from  other  parts. 
On  the  other  baud,  if  the  lens  were  too  flat,  as  in  Fig.  134,  or  too  near 
the  retina,  the  rays  would  not  come  to  a  focus,  but  would  strike  the 
retina  separately,  producing  a  confused  image,  as  before.  In  both  cases, 
the  immediate  cause  of  the  confiisiou  of  sight  would  b«  the  same, 
namely,  that  rays  from  each  point  of  the  object  arc  di8]R'rsed  over 
the  retina ;  but  in  the  lirst  instance,  this  is  because  they  have  converged 
and  crossed  each  oilier ;  in  the  second,  it  is  because  they  have  only  ai>- 
proximated,  and  have  never  come  to  a  focus. 
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The  proof  that  the  rays  are  thus  concentrated,  in  the  living  eye,  at 
the  retina,  is  furnished  by  the  ophthahno.senpe.  This  instrument  con- 
sists of  a  mirror,  so  placed  as  to  illiiniiiiate  by  reflecti*d  light,  through 
the  pupil,  the  bottom  ol  tliecyp  untkT  f»bs»Tvation,  and  iHTforatod  at 
ita  centre  by  a  small  openitig  through  which  (he  observer  looks.  By 
this  means  the  retina  and  its  vessels,  as  well  as  the  images  delineated 
upon  it.  may  be  seen.  According  to  Hehnholtz,  luminous  objects  at 
a  certain  distance,  wln-n  distinctly  jxirceived  by  the  person  under  obser- 
vation, present  to  the  eye  of  the  observer  well-di#ned  inverted  images 
apon  the  retina.  Furthermore,  if,  from  the  eyeliall  of  a  recently -killed 
animal,  a  circular  portion  of  the  sclerotic  and  choroid  Ik*  removed  at 
its  posterior  part,  siuiihir  inverted  images  of  objects  in  front  of  the 
cornea  may  be  seen  by  transparency  on  the  exposed  portion  of  the 
retina. 

It  is  accordingly  certain  that  divergent  luminoiis  rays,  in  passing 
through  the  eyeball,  are  brought  to  a  focus  at  the  retina,  principally  by 
means  of  the  crystalline  lens.  Thu  formation  of  a  visible  image  at 
thia  qK>t  does  not  by  itself  explain  the  phenomena  of  vision,  since 
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these  images  are  not  seen  by  the  individaal,  and  we  should  not  evi 
know  of  their  existence  except  for  the  results  of  cxpcrinienl  and  ol 
vation.     But  it  jshows  ihat  all  the  lia:ht  cominir  from  oach  pari  of  tl 
object  is  nmdc  to  fall  upon  a  siiijjle  jwint  of  the  retina ;  and  it  th« 
becomes  possible  to  perceive  the  figure  of  an  object,  as  weU  as  its 
luminosity. 

Retina. — The  retina  is  the  most  essential  part  of  the  orgftu  of  risiiii 
sincp  it  in  the  only  one  directly  sensitive  to  lifi:ht.  It  forms  a  nrarllj 
transparent  membrane,  composed  of  nervous  elements,  f-ituatod  brtw< 
the  inner  surface  of  the  choroid  and  the  outer  surface  of  the  byak 
menihrane,  and  extondioa:  from  the  entrance  of  the  optic  nerve  io  tt 
commencement  of  the  ciliary  body.  Here  it  lernunatcs  by  on  indents 
bordtr,  Xhoorn  nfrrata,  nearly  at  the  plane  of  the  posterior  surface  of 
the  crystalline  lens.  In  front  of  thi.'^  region  it  is  repliaxd  by  an  attcni 
ated  layer,  in  contact  with  the  surface  of  the  ciliary  I>ody,  which  cut 
tnins  no  n^-rvous  elements.  It  has,  accordingly,  the  form  of  a  mere 
brane  moulded  upon  a  nearly  hemispherical  surface,  with  its  cotienvit] 
directed  forward,  and  receiving  the  rays  admitted  through  the  pnpi 
Its  greatest  thickness  is  in  the  immediate  vicinity  of  the  optic  nerv« 
when?  it  measures,  according  to  Kfilliker,  0.40  millimetre.  At  a  sbor 
distance  from  this  point  it  is  reibu'cd  to  0.20,  and  thence  becomes  gradii 
ally  tljinner  in  its  middle  and  anterior  portion-.  At  tin-  om  s<Trut«,^ 
it  is  only  0.0!)  millimetre  in  thickness. 

The  retina  consists  of  superimposed  layers,  containing  niuuy  fUflercnl 
niicrosi'opic  elements.  In  regard  to  its  physiological  properties,  so  fa 
as  they  have  been  determined,  four  of  these  layers  may  be  distingnishv 
as  representing  its  essential  constituents.  These  layers,  counting  fror 
the  inner  to  the  outer  surface  of  the  retina,  are  as  follows :  1.  The  layi 
of  nerve  fibres ;  2.  The  gnnirlionic  layer  of  nerve  cells ;  3.  The  laycl 
of  nuclei ;  4.  The  layer  of  rods  and  cones. 

1.  Layer  of  Nerve  Fibres. — The  optic  nerve  joins  the  posterior  part 
of  tlie  eyeball  about  2  millimetres  inside  its  longitudinal  axis,  and  al  • 
slightly  lower  hurizontal  plane.  Its  neuriknima  becomes  continuooft 
with  the  scIerMic  cont,  while  its  nerve  fibres  penetrate  the  cavity  of 
the  eyeball.  Up  to  this  point  the  optic  nerve  consists  of  dark-bordered 
meduHatud  fibres,  having,  according  to  Kolliker,  a  diameter  of  from  1 
to  4.5  mmm.  But  at  their  entrance  into  the  eyeball  they  become  much 
smaller,  being  reduced,  on  the  average,  to  loss  than  2  mmm.,  and  many 
of  them  to  less  than  1  mmm.  in  diameter.  Owing  to  these  changv^, 
the  nerve  appears  suddenly  diminished  in  size  at  its  passage  through 
tie  sclerotic.  Internally  it  forms  a  slight  prominence  at  the  fundus  of 
the  eye,  the  so-called  jyapilla ;  and  the  centrjil  artery  and  vein  of  tbi 
retina  emerge  at  this  point.  From  the  papilla  as  a  centre  the  opt 
nerve  fibres,  which  have  thus  reached  the  inner  surface  of  the  retii 
radiate  laterally  in  every  direction  under  the  form  of  a  closely  s<^>l  laycr,j 
This  layer  diminishes  gradually  in  thickness  from  the  centre  outwnj 
owing  to  the  fact  that  its  Gbres  terminate  successively  in  the  dee[ 
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parts  of  the  membrane.     The  long-cst  fibres  continno  their  course  to 
the  offt  serrata,  beyond  which  none  are  visible. 

2.  Ganylionic  Layer  of  Nerve  Cells. — This  layer,  which  is  situated 
immediately  outside  the  former,  contains  multipolar  nerve  cells,  similar 
to  those  of  the  gray  substance  of  the  bruin.  According  to  KolUker, 
they  vary  in  size  from  9  to  36  mmm.  in  diameter,  and  are  provided 
with  pale,  ramiQod  prolong'ations.  Some  of  these  prolong-ations  are 
directed  toward  the  more  external  portions  of  the  retina ;  others  pass 
in  a  horizontal  direction,  and,  according  to  some  observers  (Kolliker, 
MtiUer,  Corti),  become  continuous  with  optic  nerve  fibres. 

3.  Layer  of  Nuclei. — The  njost  characteristic  elements  of  this  layer 
have,  in  the  main,  the  a8]wct  of  nuclei ;  although  by  some  observers  {Kiil- 
likor,  Schultze),  they  are  regarded  as  nucleated  cells,  in  which  the  envel- 
oping cell-substance  is  scanty,  as  compared  with  the  size  of  the  nucleus. 
The  nuclei,  sometimes  called  "grains"  or  "granules,"  are  oval  bodies, 
with  their  lonu'  axe;  perpendicular  to  the  surface  of  tlie  retina.  They 
are  of  two  varieties,  diflering  mainly  in  size ;  the  larger  being  from  9 
to  13  mmm.  in  length,  the  smaller  one-half  or  two-thirds  as  long. 
They  are  all  contained  in  varicose  enlargements  of  slender  fibres,  also 
directed  perpendimilarly  to  the  surface  of 
the  retina,  and  extending  through  the  whole 
thickness  of  the  layer.  Thise  are  presumed 
to  be  of  the  nature  of  nerve  fibres,  and  to 
represent,  directly  or  indirectly,  the  continu- 
ations of  those  from  the  optic  nerve.  At 
their  outer  extremities  they  are  continuous 
with  the  element3  of  the  following  layer. 

4.  Layer  of  Hods  ami  Cones. — -This  is 
the  most  remarkable  of  the  retinal  Itiyers, 
consisting  of  elements  more  peculiar  in  form 
than  those  found  elsewhere,  and  rao^^tdirrctly 
connected  with  the  physiology  of  luminous 
impressions.  As  their  name  indicates,  these 
elements  are  of  two  kinds,  namely,  the 
"rods"  and  the  "cone.<i."  There  Is  reason 
to  believe  that  they  are  modifications  of 
each  other,  and  that  their  offices  in  vision 
are  essentially  similar. 

The  rods  (Fig.  135)  are  straight,  elon- 
gated, cylindrical  bodies,  composed  of  a 
transparent,  homogeneous  sulistancc,  re- 
markable for  its  highly  refractive  power. 
They  are  about  50  mmm.  in  length  by  a  lit- 
tle less  than  2  mmm.  in  diameter.  They 
are  placed  parallel  with  euch  other,  closely 
packed  side  by  side,  perpendicularly  to  the 
surface  of  the  retina.     At  its  outer  extremity  each  rod  terminates  by 


DuoHAtmATtc  Sbctioh,  from  Uie 
posterior  porllun  of  the  huniao 
retina. — 1.  Layer  of  rod.<  Hod 
cones,  2.  Layer  of  nuclei. 
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a  plane ;  at  its  inner  extremity  it  tapers  to  a  point  and  becomes  con- 
tinuous with  a  fibre  of  the  preceding  layer.  According  to  Schultze, 
the  inner  half  of  eueh  rod  is  slrcfhtly  thicker,  and  exhibits  rather  less 
refractive  power  than  the  outer  half. 

The  rones  differ  from  the  rods  mainly  in  their  tapering  form  and  the 
greater  diameter  of  IhcJr  inner  portion,  whieh  is  generally  two  or  thre« 
times  as  thick  aa  that  of  the  rods.  Their  extremities,  in  gome  regions, 
stop  short  of  the  outer  surface  of  the  retina,  as  in  Fig.  135,  while  in 
that  of  most  perfect  vision  they  reach  the  same  level  with  the  rods. 
Each  cone  is  connected  at  its  inner  extremity  with  a  nucleated  fibre  of 
the  preceding  layer,  the  only  peculiarity  in  this  respect  being  that  the 
fibres  and  nuclei  connected  with  the  cones  are  larger  than  those  con- 
nected with  the  rods. 

Over  the  greater  part  of  the  retina  the  rods  are  more  abundant  than 
the  cones.  When  viewed  from  the  outer  surface  (Pig.  136,  A),  their 
closely  packed  extremities  present  the  appearance  of  a  fine  mosaic,  while 
the  cones  are  interspersed  among  them  in  smaller  numbers.  At  the 
borders  of  the  macula  lutea,  the  cones  are  more  abundant,  being  only 
separated  from  each  other  by  single  ranges  of  rods  (Ii)\  and  at  its 
central  portion  (  C)  there  are  only  cones,  the  rods  being  entirely  absent. 
But  the  eouesat  this  point  are  longer  uud  more  slender  than  elsewhere. 
In  the  following  figure  the  smaller  circles  represent  the  rods,  ihe  larger 

circles  the  cones ;  and  in  the  interior  of 
each  cone  is  seen  a  sectioD  of  its  conical 
extremity. 

Reception  of  Luminous  Impresgiona 
hy  the  Retina. — It  appears,  from  the 
above,  that  the  retina  is  not  simply  an 
expansion  of  Ihi'  optic  nerve.  It  is  an 
apparatus  of  special  structure,  adapted 
E.  From  the  iniKt' of  ihi;  miwuJk'iuicH.  for  the  rcception  of  luminous  rays,  and 
G  From  thE5  macuiu  iui«a.    •Helm-    coDueetcd  bv  the  optic  fibrcs  With  the 

centra!  parts  of  the  brain.  An  exami- 
nation of  the  manner  in  which  impressions  of  light  are  received  brin^ 
into  view  the  following  facts : 

Tfie  Optic  Nerve  and  its  Fibres  are  insensible  to  light. — Notwith- 
standing that  this  nerve  is  capable  of  transmitting  impressions  of  sight 
from  the  retina  to  the  brain,  yet  in  orth-r  to  do  this,  it  must  first  receive 
its  own  stimulus  from  the  retina.  Its  fibres  cannot  be  called  into 
activity  by  the  direct  influence  of  luminous  rays.  This  is  shown  by 
the  experiment  of  Dondt-rs,  in  which  a  light  of  some  intensity  is  con- 
centrated upon  the  optic  nerve,  without  being  allowed  lo  reach  the 
tissue  of  the  retina.  When  the  bottom  of  the  eye  is  illuminated  by 
the  ophthalmoscope,  the  observer  sees  the  general  surface  of  the  retina 
of  a  red  or  browni.'^h  color,  while  the  papilla,  at  the  entrance  of  the 
optic  nerve,  presents  itself  as  a  circular  white  spot.  This  spot  is  occu- 
pied entirely  by  optic  nerve  fibres,  the  elements  of  the  retina  com- 
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mencing  only  beyond  its  bonlers.  If  the  liplit  of  a  candle  flame  at 
&ome  distance  be  thrown  upon  the  retina,  it  is  perceived  by  the  person 
ander  observation,  as  well  as  its  iuiaire  by  the  observer.  If  the  eye, 
however,  he  turned  in  such  a  direction  as  to  bring  the  image  of  the 
flame  upon  the  white  circle  of  the  papilla,  this  circle,  and  the  nerve 
fibreg  of  which  it  is  composed,  are  visibly  illuminated  to  a  certain 
depth,  owing  to  the  trauslucency  of  their  .substance ;  but  the  light  ia 
no  longer  perceived  by  the  person  under  t^xaniination.  The  moment 
the  image  is  allowed  to  pass  beyond  the  liiiiit^  of  the  white  circle,  its 
li^ht  becomes  |K*rceptible. 

7%e  Blind  Spot. — The  region,  accordingly,  «>ccupied  by  the  entrance 
of  the  optic  nerve,  from  which  the  proper  elenieiit.s  of  tlif  retina  are 
absent,  is  a  blind  spot,  where  luminous  ray^i  make  no  jM^rccptible  im- 
pression. The  diameter  of  thif^  spot,  according  to  the  average  measure- 
ments by  Listing,  Hannover,  and  Helniholtz,  is  1.(56  millimetre,  and  it 
covers  in  the  field  of  vision  a  space  of  about  6  degrei-^.  Notwithstand- 
ing its  existence,  no  dark  point  is  u.>^ually  observed  in  the  field  of  vision, 
for  the  following  reasons:  Tlie  blind  spot  is  not  situated  in  the  visual 
axis  of  the  eye,  but  correspond.'*  with  the  entrance  of  the  optic  ut^rve, 
nearer  the  median  line  (Fig,  130).  Consequently  the  image  of  an 
object  in  the  normal  line  of  vision  cannot  fall  upon  this  R|K)t,  but  is 
always  outside  of  it,  in  the  visfual  axis.  Even  an  object  jKTCt'ived  out- 
side the  direct  line  of  sight  can  never  reach  the  blind  sjiot  of  both  eyes 
at  once.  If  so  placed  that  its  image  falls  on  the  blind  spot  of  one  eye, 
it  will  necessarily  reach  the  retina  of  the  other  eye  a1  a  difl'crent  point, 
and  wOl  thus  be  perceived.  But  if  oue  eye  alone  be  emjiloyed,  there 
is  always  a  small  portion  of  the  field  of  visiou  which  is  iiu perceptible. 
This  deficiency'  is  not  generally  noticed,  because  it  is  in  n  part  of  the 
field  to  which  our  attention  is  not  directed,  and  where  the  distinction 
of  objects,  under  moderate  illuniiuatJon,  is  so  imperfect,  that  the  mo- 
mentary absence  of  one  is  not  regarded.  It  may,  however,  l)e  made 
apparent  by  using  for  the  test  a  single  strongly  defined  object,  like  a 
white  spot  on  a  black  ground,  the  presence  or  absence  of  which  may 
be  observable,  even  in  indirect  vision. 

If  the  left  eye  be  covered  and  the  right  eye  directed  steadily  at  the 
white  cross  in  Fig.  137,  the  circular  spot  will  also  be  visible,  though 
less  distinctly,  since  it  will  he  out  of  the  direct  line  of  sight.  Let  the 
page  be  held  vertically  at  the  height  of  the  eyes,  and  at  a  convenient 
diatADCe  for  seeing  both  objects  in  the  above  manner.  If  it  be  now 
moved  slowly  backward  and  forward,  a  point  will  be  found  where  the 
circular  spot  disappears,  l>ecause  its  image  has  fnllen  upon  the  blind 
spot ;  while  both  within  and  beyond  this  distance  it  la  again  visible. 
It  may  also  be  made  to  reappear  by  inclining  the  page  laterally  to  the 
right  or  left ;  since  this  brings  its  image  either  above  or  below  the 
blind  spot. 

The  experiment  may  be  varied  by  fixing  two  cards,  at  the  height  of 
the  eyea,  upon  a  dark  wall,  two  feet  apart  from  each  other.     If  the  left 
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eye  be  covered,  and  the  right  eye  fixed  upon  the  left-band  card,  tb« 
other  will  dit^ajipear  from  view  at  a  distance  of  about  eiifht  ft?ei  I>«i 
the  watL 

It  is  evident,  furthermore,  that  the  optic  nerve  lilires  are  not  dirrcU) 
geusitivc  to  light,  even  outside  the  blind  S]>ot.     These  fibres  radi 
from  the  entrance  of  the  optic  nerve,  forming  a  eontJnuout^ 
the  inner  surface  of  the  retina;  terminating  at  succefisive  j 
the  retinal  membrane  to  iti>  extreme  border     A  luminous  ray  etnkii 
the  retina  near  the  fundus  of  the  eye  must,  therefore,  travursf  a  coi 
eiderable  number  of  nrrve  fibre-s,  connecicd  ut  their  peripheral  extroi 
ties  with  diflerent  ports  of  the  retina;  and,  though  eoujing  from  a  eii 
gle  paint,  it  w<iuld  thus  cause  the  sensation  nf  an  extended  Inu^      \i 
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distinct  points  are  separately  perceived,  although  the  rays  emanatin 
from  each  have  passed  through  the  whole  layer  of  nerve  fibres  in  tin 
retina,  it  follows  that  these  fibres  are  not  directly  aflected  by  the  action 
of  light. 

The  sensitive  elements  of  Ike  retina  are  in  its  posterior  or  external 
laiicrs. — This  is  apparent  partly  from  the  phenomena  observed  wbcu 
the  retinal  blood- vessels  are  made  visible  within  the  eye.    Thes*?  veswl*      ■ 
and  ttu'Ir  brauc-hi's  radiate  from  the  entrance  of  the  optic  nerve.    Theia^H 
ramification^-,  down  to  a  certain  tiize,  are  situated  in  the  innermost  layct^' 
of  the  retina,  and  it  is  only  the  finest  subdivisions  which  fia^x  into 
the  layer  of  ganglionic  cells;.     The  two  outer  layers,  mii  -a  tti 

the  nuclei,  and  that  of  the  rods  and  cones,  are  destitute  of  !■  --^la. 

Owing  to  this  arrangement,  the  outer  layers  of  the  retina,  sitnat«il 
behind  the  main  branches  of  the  blood-vessels,  lie  in  the  sli:  '         ' 

these  branches,  since  the  light  comes  directly  from  the  fron«  

the  pupit.  The  shndows  thus  thruwn  are  not  usually  perceivi»d,  bf^raua^^H 
the  portions  of  retina  covered  by  them  are  habitually  in  shadow  at  ll»^^ 
game  points,  and  their  sensibility  to  light  is  greater  in  proportion.  But 
they  may  lie  rendered  i)eref'ptiMe  by  throwing  them,  undrr  oblique 
illuminatian,  upon  una(:custonie<l  points  of  thf  retina. 

Let  a  lighted  candle  be  held,  in  a  dark  room,  about  three  inches  from 
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the  outer  angle  of  the  eye,  and  about  45  dejijees  in  front  of  the  plane 
of  the  iris.     On  niovirj:,'  the  caudle  alkTualoly  up  and  down,  the  held 
of  vision  becomes  filled  with  an  nbundfint  tracery  of  arborescent  tig'ures, 
the  counterpart  of  the  retinal  lilwid-vfbseltj.     The  form  of  the  vessels 
is  marked  in  purple-black,  on  a  iinely  granular  grayish-red  ground. 
The  point  of  entrance  of  the  vascular  trunks  may  be  aeeu,  with  their 
two  principal  branches  passing  respectively  upward  and  downward, 
and  lireaking  into  ramifications  of  various  curvilinear  form.     If  the 
candle  be  held   motionless,  the   figures   rapidly  fade,  since   they  are 
only  visible   from  the   contrasts   made   by    the    shadows    falling  in 
succession  on  different  parts  of  the  retina. 

An  the  blood-ves-sels  of  the  retina  are  situated  nearly  at  its  anterior 
surface,  the  motion  of  their  shadows,  perceptible  on  varying  the  posi- 
tion of  the  light,  gives  a  means  of  ascertaining  how  far  behind  this 
lurface  the  sensitive  elvments  are  situated.    According  to  Miiller,*  this 
[distance  must  be,  in  various  cases,  from  0.17  to  0.3(i  millimetre;  and 
Jthe  siinjo  ohst-rver  finds  the  po.sterior  layers  of  the  retina  distant  from 
lift  anterior  surface  firoro  0.20  to  0.30  millimetre.     It  is,  therefore,  one 
\<OT  both  of  the  posterior  layers,  namely,  the  rods  and  cones,  and  the 
luelei   immodiatoly   beneath,  in  which   luminous   rays  produce   their 
effect. 

Mncvla  Lnh'.a  and  Point  of  IHstinct  Vision. — The  macula  lutea,  or 

[yellow  spot  of  the  rt-tina.  is  an  oval  .space,  alio ut  2  niilliinotres  in  trans- 

|Tor  !  5.5  njillirueires  i  !m»  entrance  of 

the     ,  .      ...  1     .     ..         ...i._    hi   Ilelmhollz,  it   i.    ^  ...u -1  a  very  little 

beyond  the  middle  of  the  fundus  of  the  eyeball,  t*)ward  its  temporal 
side.  It  is  distinguished  from  the  remninder  of  the  retina  by  its  yellow 
tinge,  due  to  the  presenw^  of  an  oreanii'  pigment 

At  its  centre  is  a  minute  depression,  the/oeea  ventrali»,  where,  owing 
to  its  steeply  sloping  sides,  the  ihieknesa  of  the  retina  is  reduced,  at  its 
deepest  part,  to  less  thon  one-half.  Its  ]K)sition  in  the  tnacula  lutea,  in 
ophthalinoj^copic  examinations,  js  marked  by  a  peculiar  colorless  reflec- 
tion. The  mucuhi  lutea,  and  especially  the  fovea  centralis,  in  the  point 
of  most  distinct  vitdon,  where  the  image  of  an  object,  in  the  direct  line 
of  eight,  falls  upon  the  retina.  According  to  the  observations  of  Don- 
ders,  confirmed  by  Ilcliiiholtz,  if,  while  the  retina  is  illuminated  by  the 
ophthalmoscope,  the  person  under  oliservation  ti.xes  the  eye  upon  sev- 
eral diJlerent  olijeols  in  succession,  the  minute  reflection  which  marks 
the  fovea  centralis  always  places  itself  upon  the  optical  image  of  the 
object  fixed  by  the  eye ;  and  this  appearance  is  so  constant  that  the 
observer  can  tell  with  certainty,  from  the  place  occupied  by  the  reflec- 
tion, at  what  object  the  sight  is  directed. 

The  importance  of  the  macula  lutea  and  fovea  centralis,  in  the  exer* 
cise  of  vision,  gives  a  special  interest  to  the  anatomy  of  this  part  of 
the  retina :  and  microscopic  researches  have  shown  that  it  presents 


*In  Helmholts,  Opliqu«  Pliyuologique.    Paria,  1867,  p.  289. 
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peculiarities  of  s^tructure  corresponding  with  its  phvMoloprical  endow- 
ments. 

The  macula  lutea  is  distinguished,  in  the  firgt  place,  by  the  absence 
of  the  layer  of  nerve  Jibres.  Thoj^e  filires.  uccordiag  to  KolUker. 
which,  in  radiating  from  the  entrance  of  the  optic  nerve,  reach  the 
edffes'of  the  macula,  lose  themselves  among  the  nerve  cells  of  iu 
ganj^lionic  loycr.  The  others  curve  round  its  borders  on  each  s^ide, 
and^resume  their  i>eripheral  course  bfyond ;  80  that  there  arc  none 
to  be  found  within  the  limits  of  the  yellow  spot. 

Secondly,  the  nerve  cells  of  the  gan^'lionie  layer  are  more  abundant 
in  the  luacula  lutea  than  elsewhere.  Over  the  greater  portion  of  the 
retina,  according  to  Schuttze,  these  cells  are  arranged  iu  a  single  plane  j 
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rotino,  d)»gippoartng;  at  the  ci^ntrc  or  the  macula  lutea.  4.  Larcr  of  iniolcl.  »li<>«lni<  tb«  ol^Uque 
courw  of  Ita  fjlinsi  in  tliU  rcirUm.  5.  Layer  of  rod»  and  cones;  <v)n«|«t1nu  at  its  wtitral  |i.irtifiii. 
exriutiivrly  of  att«riuatii1  ntid  t^lonifitttHi  con**.*.  A.  Oul«r  fiurfaro  of  the  rcilltia.  The  dr|ir<i«a(on 
in  lliit  niiildk'tif  tlif  diagram  kj  thi;  fuvua  ceiilnUt«.    (Scliallxe.) 

but  in  the  yellow  spot  they  form  several  puperimposed  ranges.  Toward 
the  centre  of  the  yellow  spot,  on  the  other  hand,  they  diminish  in  num- 
biT.  and  aro  entirely  wanting  at  the  fovrf?a  centralis*. 

Thirdly,  owing  to  t|ics<'  modification.^,  the  retina,  at  the  fovea  cen- 
tralis, consists  only  of  its  txm  external  Inyers,  namely,  the  layer  of  nuclei 
and  the  layer  of  rods  and  cones.  Even  these  layers  exhibit,  at  the 
same  point,  im|K)rtant  peculiarities  in  the  form  and  arrangement  of  their 
elementg. 

In  the  layer  of  nuclei,  the  fibres  vd\\\  which  they  are  connected,  instead 
of  rt^niaining  perpondicular  to  the  surface  of  the  retina,  bend  obliquely 
outward,  to  reach  its  more  su|K'rQcial  parts  in  the  outer  portions,  or 
V)eyond  the  borders,  of  the  ytUow  spot.  Thus  the  layer  is  much 
diniini.'^lK'tl  in  thicknejjs.  thouirh  still  containing  nuclei,  connected,  by 
their  usual  esteusion.s,  with  other  parts  of  the  retina. 

Finally,  the  layer  of  rods  and  cones,  at  the  macula  lutea  and  fovea, 
is  distinguished  by  special  features  from  the  corresponding  parts  else- 
where. At  this  situation  it  is  increased  in  thickness,  and  consists 
exclusively  of  slender  elongated  conea.     The  diameter  of  the  conea  at 
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their  base  is  reduced  from  6  mmm.  to  3  or  3.5  mmm. ;  while  their  length 
reaches  100  mmm.,  or  about  double  what  it  is  elsewhere.  Each  cone  is 
connected,  through  the  nucleus  and  fibre  of  the  preceding  layer,  with 
other  portions  of  the  retina,  and,  no  doubt,  in  some  way,  with  the  nerve 
fibres  of  its  inner  layer. 

Thus,  the  perception  of  light  is  a  process  consisting  of  several  suc- 
cessive acts.  The  luminous  ray  passes  through  the  tissue  of  the  retina, 
until  it  reaches  the  layer  of  rods  and  cones.  In  these  elements  it  pro- 
duces a  reaction  of  whose  nature  wo  arc  ignorant.  It  might  be  com- 
pared with  that  caused  by  the  same  agent  in  the  sensitive  film  of  a 
photographic  camera;  but  this  comparison  would  be  only  one  of  analogy, 
and  would  not  imply  any  identity  of  molecular  action  in  the  two  cases. 
It  would  simply  express  the  fact,  which  is  undoubtedly  established, 
that  the  luminous  ray,  after  traversing  all  the  other  transparent  and 
refracting  media  of  the  eye  without  leaving  any  trace  of  its  passage, 
on  arriving  at  the  outer  layers  of  the  retina,  excites  in  them  a  change 
of  condition  which  is  the  first  step  in  the  visual  process.  The  excite- 
ment of  the  retina  then  calls  into  activity  the  fibres  of  the  optic  nerve, 
which  in  turn  transmit  the  stimulus  to  their  origin  at  the  base  of  the 
brain.  Thus  far,  there  is  no  conscious  i>crccption,  nor  even  any  nervous 
effect  resembling  our  idea  of  luminosity.  The  retina  is  distinguished 
from  other  nervous  tissues  by  l)eing  sensitive  to  light ;  that  is,  it  may 
be  thrown  into  a  state  of  activity  under  the  influence  of  n  luminous  ray. 
But  it  has  no  proper  jiercepHon  of  light,  any  more  than  the  silvered 
film  of  a  photographic  plate ;  nud,  if  the  optic  nerve  Ix)  severed,  blind- 
ness results,  however  perfect  the  condition  of  the  retina. 

On  the  other  hand,  the  optic  nerve  fibres,  which  are  insensible  to  the 
direct  action  of  light,  are  thrown  into  excitement  by  the  condition  of 
the  retinal  tissue.  There  is  no  reason  for  believing  that  the  optic 
fibres  are  difiFcrent  in  kind  from  those  of  other  sensitive  nerves.  Their 
oflRce  is  simply  that  of  transmitting  a  stimulus  from  and  to  certain 
special  structures  containing  nerve  cells.  By  the  optic  nerve  fibres 
the  stimulus  is  received  from  the  retina  and  communicated  to  the  brain ; 
and  the  nervous  centres,  when  thus  excited,  first  produce  the  sensation 
and  i)erception  of  light. 

Acuteness  of  Vision  in  the  Retina. — The  acuteness  of  vision,  in  the 
retina,  is  measured  by  the  distance  between  two  visual  rays  at  which 
they  can  l>e  perceived  as  distinct  points.  If  the  rav-s,  coming  respec- 
tively from  the  top  and  bottom  of  an  object,  are  so  closely  approxi- 
mated at  the  retina  that  the  two  impressions  are  confounded,  there  can 
be  no  distinct  perception  of  its  figure  or  dimensions.  On  the  other 
hand,  if  the  sensibility  of  the  retina  be  such  that  the  two  impressions 
are  separately  perceived,  the  form  of  the  object  will  be  recognized  as 
well  as  its  luminosity,  notwithstanding  the  small  size  of  its  retinal 
image.  The  figure  of  a  man,  six  feet  high,  seen  at  a  distance  of  ten 
yards,  makes  at  the  cornea  a  visual  angle  of  11°  30',  and  forms  upon 
the  retina  an  image  less  than  half  a  millimetre  (-'„  of  an  inch )  in  length  ; 
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he  most  striking  character  of  the  retinal  red  i»  that  it  Is  destroyed 
by  the  action  of  light.  On  this  account  its  existence  remained  lontr 
imkiKiwn.  When  the  retina  is  extrarttMJ  from  the  eye  of  an  aniniul 
in  the  ordinary  way,  its  exposure  during'  the  neeestwiry  manipulationa 
is  nsnaliy  sufHcient  to  bleach  its  color  and  reduce  it  to  the  condition 
of  a  prayi^h  or  opalescent  memhrane.  In  order  to  obtain  it  with  its 
Dorninl  hue.  the  animal  should  be  k<^pt  in  the  dork  for  a  short  time 
previous  to  death;  and  the  eyeball  taken  out  and  the  retina  extracted 
by  the  lifrbt  of  a  sudimn  (Ihujc,  which  has  comparatively  little  eflect 
Upon  its?  color.  If  such  a  retina  be  expos^ed  to  bright  daylight  its  pur- 
ple-rrd  tint,  at  first  distinctly  visible,  is  de>^troy<'d,  uecording  to  Kiihno, 
in  about  half  a  minut<^  Under  a  dim  daylight  it  lasts  longer,  and  by 
ordinary  gaslight  may  continue  visible  for  2U  or  30  minutes;  while  in 
a  charnl>er  lighted  by  the  nodium  flame,  or  in  the  dark,  it  remains  for 
24  or  48  hours,  even  alter  the  tissues  have  lost  their  freshness  and  con- 
^iatency. 

By  this  means  the  existence  of  the  retinal  red  has  been  demonstrated 
in  the  rabbit,  dog,  ox,  ape,  and  badger,  in  the  owl  and  falcon,  in  the  firog, 
triton,  toad,  and  salanuiudt-r,  and  in  several  species  of  fish.  In  three 
instances  Kiihne  fouud  It  in  the  hunuin  eye,  exliq>ated  in  the  dark  or 
in  a  sodium-lighted  chaniber.  front  subjects  who  had  been  protected 
from  the  light  for  a  certain  time  befure  death. 

The  retinal  red  is  also  destroyed  by  the  action  of  light  during  life. 
This  is  not  usually  observal»le  in  an  eye  extracted  with  the  above- 
mentioned  precautions,  for  the  reason  that  during  life  the  color  is 
regenerated  nearly  as  fast  as  it  ie  destroyed.  Thus  a  living  eye,  under 
moderate  illumination,  maintains  the  normal  hue  of  its  retina  by  the 
constant  reproduction  r»f  iis  coloring  mattvr.  But  if  long  exposed  to 
light  of  considerable  inieusity  it  may  become  completely  bleached, 
though  its  color  will  be  restored  by  repose  in  a  darkened  place.  Kiibne 
found  that  in  frogs  exposetl  to  daylight,  in  a  glass  vessel  with  a  white 
bottom,  the  retina  ln-cuuies  likuehed  after  several  hours;  and  that  in 
direct  sunshine  15  minutes  are  suQicient  to  produce  the  same  eflVct.  But 
if  the  animals  be  then  kept  in  the  dark,  and  examined  at  various  inter- 
vals, the  color  of  the  retina  again  begins  to  be  perceptible  in  about  30 
minutes,  and  is  completely  restored  at  the  end  of  an  hour  and  a  half. 

The  *iouree  from  which  the  color  is  thus  reproduced  is  the  choroidal 
epithelium,  with  which  the  retina  lies  in  contact.  If  separated  from 
its  attachment  and  exposed  to  daylight,  its  color  disappears,  as  already 
shown,  in  from  30  seconds  to  several  ndnutes.  But  if  allowed  to 
remain  in  the  eyeball  under  a  similar  expo^ure,  and  then  extracted 
under  the  light  of  a  sodium  flame,  on  bringing  it  into  ordinary  day- 
light it  is  at  tirst  of  a  deej)  red.  In  Kiihne 's  experiments,  a  f>ortion 
of  a  frog's  retina,  separated  from  the  choroid  in  daylieht  until  quite 
bleached,  then  replaced  and  allowed  to  remain  in  position  in  the  dark 
for  a  short  time,  exhibited,  when  finally  removed,  its  normal  red  color. 
[t  is  accordingly  evident  that  the  regeneration  of  the  color  docs  not 
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depend  on  the  circulating  blood,  since  it  will  tako  place  in  the  extir- 
pated eyeball ;  but  h  affected  by  the  aid  of  the  choroidal  i^pithoHum. 

The  colorinj?  matter  of  tho  retina  is  solntilo  in  purified  bile,  or  in 
watery  solutumn  of  the  hiiiar;/  salU,  and  baa  l>eeu  extracU'd  by  Kiibtu^ 
in  this  way  under  the  form  of  a  transparent  solution.  The  frepAiy- 
extracted  frop-'s  retina  is  macerated  from  one  to  two  houPB  in  ow 
cubic  centimetre  of  a  five  per  cent,  watery  solntinn  of  the  biliarj*  s6\U, 
It  is  then  replaced,  in  the  same  solution,  by  another  retina,  al^'O  freiiblr 
prepared;  and  so  on  until  20  or  30  retinas  have  lieeu  cra]>b>ved  for  Ih** 
purpose.  The  mixture  is  then  filtered  and  the  filtrate  allowed  to  stand 
until  the  pigment  c-ranules  mingled  with  it  have  subsided  to  the  bot- 
tom, after  which  the  Kupcrnatant  liquid  is  removed  by  a  pipett*.  It ; 
forms  a  clear  solution  of  a  carmine-red  color.  By  concentration  it 
assumes  a  more  violet  tinge,  and  if  diluted  Iwcomes  rose-red  or  pale 
lilac,  according  to  the  amount  of  dilution. 

Soluiions  of  the  retinal  red  are  bleaehcd  by  light,  in  the  Bame  man- 
ner as  the  retina  itself.  Their  color  changes,  under  these  ci  ream  stances, 
first  to  a  clear  red,  then  becoming  orange,  then  yellowish,  and  liuttlTl 
tbey  are  entirely  deenlorizcd.  Similar  changes  are  effected  in  the  dark 
by  an  elevated  temperature ;  beginning  at  50"  or  52'-'  C,  becoming 
more  rapid  as  the  teuiperature  rises,  and  taking  place  almost  insiaii- 
taneou-sly  from  70°  to  74°  C. 

The  local  blenching  of  the  retina  under  concentrated  illuminatbaj 
makon  it  possible  to  ohtain  rftiiinl  optograms,  that  is,  cohn"        '    A^ea 
of  brilliant  nbjrfts  which  have  been  jilaced  before  the  eye,  uded 

by  the  purple-red  hue  of  the  reinaiiiiug  retina.     The  first  result  of  ihii 
kind  was  olttiiined  by  Kiihne  in  the  following  manner;  The  fresh  retina 
of  a  rabbit,  extracted  under  the  light  of  a  sodium  flume,  was  spread  out 
on  a  glass  plate  and  seeured  by  a  thin  eover-glass  on  which  were  st!V- 
eral  strips  of  tinfoil,  each  about  one  millimetre  in  width.     In  this  con- 
dition it  was  exposed  to  light  until  the  bleaching  process  was  complete;- 
and  on  removing  the  eovpr-glass,  bands  of  unchanged  purple-red  were 
visible  in  the  retina,  wherever  it  had  been  proieeted  hy  the  tinfoil.    As 
the  form  of  any  luminous  object  in  front  of  the  eye  is  concentrated 
upon  a  single  part  of  the  retina,  this  pnrt  will  W  bleached,  if  tb» 
exposure  be  suflicient,  while  the  remaining  portions  retain  their  eolof, 
thus  presentinsT  a  positive  image  of  the  himinous  object,.    The  method 
adopted  Iiy  Kiiline  fur  obtaining  optograms  in  the  rabbit's  or  ox's  rye 
is  as  follows ;  The  eyeball  is  taken  out  in  a  dark  chamlter  with  the  aid^ 
of  the  sodium  flame,  and  fi.ved,  with  the  cornea  upward,  in  a  blackened 
box  or  cylinder,  the  cover  of  which  is  reumvable.     The  lx>x  eontnininxi 
the  eyeball  is  then  [diiced  ui>on  a  table  directly  lieneath  an  illuminated] 
Bkylight  of  ground  glass,  at  about  four  metrrs'  vertical  distance,  and  the] 
cover  removed.     After  an  exposure  of  from  one  to  twenty  minatAtij 
according  to  the  intensity  of  the  daylight,  tlie  opaque  cover  is  replaced,! 
the  eyeball  opened  in  the  dark  chamber  by  an  equatorial  incision,  itaj 
posterior  half  Ireed  from  the  vitreous  humor,  and  placed  for  tweotj»j 
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four  hours  in  a  four  per  cent,  watery  solution  of  potassium-alwui.  The 
latit  operation  is  for  the  purpose  of  giving  to  the  retina  a  greater  con- 
sistency, so  that  it  may  l)e  removed  from  the  eyeball  without  lacera- 
tion. When  the  hardeuintr  i;*  C(»mplete  the  retina  is  removed,  and  placed, 
with  its  posterior  surface  upperraoa^t,  upon  a  porcelain  capsule  of  suit- 
able convexity;  when  the  images  of  the  window-panes  are  seen  in 
white,  with  the  intervening  bars  and  the  surrounding  spaces  purple- 
red.  On  exposure  to  daylight  the  images  disapijcar,  owing  to  the 
bleaching  of  the  whole  retina ;  but  if,  w  hile  still  in  the  dark  chamber, 
it  be  thoroughly  desiccated,  '\t&  color  becomes  comi)aratively  indestruc- 
tible, and  the  optograms  remain  visible  in  daylight  for  many  hours. 

Notwithstanding  the  evident  importance  of  tht-  retinal  red,  and  its 
sensibility  to  the  influence  of  light,  it  ia  not  immediately/  essential  to 
the  act  of  vision.  This  is  manifest,  in  the  first  place,  from  the  fact 
that,  in  the  human  eye,  it  is  absent  from  the  macula  lutea  and  fovea 
centralis;  that  ia,  from  the  spot  of  greatest  retinal  si-nsibility  and  most 
distinct  vision.  Kiihne  has  furthermore  demonstrated  that  frogs  whose 
retinas  have  been  completely  bleached  by  continued  exposure  to  direct 
sunshine  arc  still  capable  of  vision.  Under  these  circumstances  the 
retinal  red  is  regenerated,  even  in  the  dark,  somewhat  slowly,  and 
does  not  begin  to  show  itself  under  half  an  hour  (page  535).  During 
this  period,  therefore,  the  animals  have  no  appreciable  red  in  the  retinal 
tissue;  and  yet  they  quickly  distinguish  movmg  objects,  and  can  even 
capture  flies  in  their  usunl  manner  with  readiness  and  precision.  They 
also  show  a  capacity  for  dislinguishin.jj  colors,  and  in  both  these  par- 
ticulars exhibit  a  marked  contrast  with  frogs  which  have  been  blinded 
by  extirpation  of  the  eyeballs. 

It  is  occordinsriy  quite  uncertain  in  what  way  the  coloring  matter 
of  the  retina  ia  sub.servient  to  sight,  tt  may  be  supposed  that  by  its 
transformation  under  the  influence  of  light  it  supplies  some  material 
for  the  continued  nutrition  of  the  nervous  elements;  and  that  this 
flecondary  material  is  in  turn  eonsumt-d  during  the  act  of  vision.  But 
80  far  as  our  present  knowled;Lre  extends^,  there  is  no  satisfactory  evi- 
dence in  regard  to  its  mode  of  action. 

Pkijsiolofjical  Conditionn  of  the  Sense  of  Sight. — The  eye,  so  far  as 
regards  its  physical  .struciure.  is  an  optical  in>'trument,  composed  of 
transparent  and  refracting  media,  a  |)erforated  diaphragm,  and  a  dark 
chamber,  all  of  which  art  upon  luminous  rays  according  to  the  same 
laws  as  the  corresponding  parts  in  a  telescope  or  a  camera;  and  the 
accuracy  of  their  adjustment  is  one  of  the  first  requu;ites  for  the  exer- 
cise of  sight.  The  eye  is  al.-o  movable  in  various  directions;  and  cer- 
tain of  its  internal  parts  are  under  the  control  of  muscular  tissues, 
which  contribute  to  its  action.  It  is  furthermore  a  double  organ ;  and 
impressions  may  br  acquired  by  the  use  of  both  eyes  which  cannot 
bo  received  from  one  nlono.  Finally,  the  sensibility  of  its  nervous  ele- 
s  is  liable  to  modifications,  which  influence  the  nature  and  intensity 
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of  the  sensations  produced.  The  principal  conditions  regulating  the 
sense  of  sight  arc  the  following : 

Field  of  Vision. — As  the  eyeball  is  placed  in  the  orbit  with  the 
cornea  and  pupil  directed  forward,  there  is,  in  front  of  each  eye,  a  cir- 
cular space  within  which  objects  are  perceptible ;  while  beyond  its  bor- 
ders nothing  can  be  seen.  This  space  is  the  *'  field  of  vision."  Its 
extreme  limit,  in  man,  reaches  nearly  180  degrees  of  angular  distance; 
that  is  to  say,  the  light  from  a  brilliant  object  may  be  perceived,  when 
the  object  is  in  a  lateral  position,  almost  as  far  back  as  the  plane  of  the 
iris.  The  possibility  for  a  ray  of  light  from  this  source,  to  penetrate  the 
pupil  and  reach  the  retina,  depends  on  the  refractive  power  of  the  cornea 
and  the  curvature  of  its  anterior  surface,  by  which  the  ray  is  bent 
inward  and  enabled  to  enter  the  pupil  in  an  oblique  direction.  In  many 
animals,  where  the  eyes  are  more  prominent  than  in  man,  and  the  curva- 
tures of  the  cornea  and  crystalline  lens  more  pronounced,  the  field  of 
vision  is  enlarged  in  a  corresponding  degree.  In  birds  and  fishes,  it  is 
still  further  modified  by  the  lateral  position  of  the  eyes.  The  ostrich, 
with  the  head  directed  forward,  can  easily  see  objects  a  few  yards 
behind  its  back ;  and  in  many  fish,  when  examined  from  different  points 
in  an  aquarium,  it  is  impossible  for  the  observer  to  place  himself  in  any 
position,  above,  behind,  or  on  either  side,  where  he  cannot  see  one  or 
both  of  the  pupils  of  the  animal.  The  field  of  vision  consequently, 
for  such  animals,  is  a  complete  sphere ;  the  light  being  perceptible  from 
every  point  of  the  surrounding  space.  In  man,  the  outer  borders  of 
the  field  of  vision  are  ill  defined ;  and  objects  at  a  lateral  distance  of  90 
degrees  must  be  very  brilliant  to  attract  attention.  For  practical  pur- 
poses, the  space  within  which  objects  arc  perceptible  is  not  more  than 
75  degrees  on  each  side,  or  1 50  degrees  for  the  entire  field  of  vision. 

Line  of  Direct  Vision. — Within  the  field  of  vision  there  is  only  one 
point,  at  its  centre,  whore  objects  can  be  perceived  with  distinctness; 
and  the  prolongation  of  this  point,  in  the  visual  axis,  is  called  the  "line 
of  direct  vision."  Objects  upon  this  line  can  be  distinctly  seen;  all 
others,  situated  on  either  side,  above  or  below  it,  are  perceived  only 
in  an  imperfect  manner.  If  the  observer  place  himself  in  front  of  a 
row  of  vertical  stakes,  he  can  see  those  directly  before  the  eye  with 
perfoet  distinctness ;  but  those  on  either  side  appear  as  uncertain  and 
confused  images.  On  looking  at  the  middle  of  a  printed  page,  in  the 
line  of  direct  vision,  we  see  the  distinct  outlines  of  the  letters;  while 
at  successive  distances  from  this  point,  the  eye  remaining  fixed,  wc 
distiniruish  first  only  the  separate  letters  with  confused  outlines,  then 
only  tlie  words,  and  lastly  only  the  lines  and  spaces. 

This  limitation  of  serviceable  sight  to  the  line  of  direct  vision  is 
compensated  by  the  mobility  of  the  eyeball,  which  turns  successively 
in  different  directions;  thus  shifting  the  field  of  vision  and  examining: 
in  turn  every  point  attainable  by  the  eye.  In  reading  a  printed  page, 
the  eye  follows  the  lines  from  left  to  right,  seeing  each  letter  and  word 
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io  succession.  At  the  end  of  a  line,  it  returns  suddenly  to  the  next, 
repeating'  this  moven>ent  from  the  top  to  tht'  hottnni  of  the  page. 

The  dc'UcitMR'v  of  distinctness  outside  the  line  of  direct  vision  depends 
on  two  causes,  both  of  which  contribute  to  the  result,  namely  :  lat, 
inaccurate  focussiup  of  the  rays ;  and  2d,  dimiuishtd  retinal  senj^ibility. 

RttV:^  of  lig'ht  entering  the  eye  from  the  front,  in  the  line  of  direct 
vision,  are  brought  to  a  focus  at  the  retina.  But  those  which  cuter 
with  a  certain  degree  of  obliquity  suffer  more  rapid  convergence,  and 
are  accordingly  brought  to  a  focus  and  again  dispersed  before  reaching 
the  retina.  Thus  rays  diverging  from  the  point  a  (Fig.  139).  in  the 
line  of  direct  vision,  are  concentrated  at  x,  and  form  a  distinct  image 
on  the  retina  at  that  point.  But  those  coniing  from  h,  on  one  side, 
under  a  similar  degree  of  divergence,  fall  upon  the  cornea  and  the 
crystalline  lens  in  such  a  way  that  there  is  more  difference  in  their 
angles  of  incidence,  and  conso fpipntly  more  <liO"erence  in  the  amount  of 
their  refraction.  They  are  therefore  brought  together  too  rapidly,  and 
are  dispersed  at  the  retina  over  the  space  y,  z,  forming  an  imperfect 
image.  Ophthalmoscopic  examination  of  the  retina  shows  that,  in 
pointer  fact,  images  formed  at  th<»  fundus  of  the  eye,  in  the  lino  of 
direct  vision,  present  distinct  outlines;  while  those  at  a  distance  from 
this  point,  toward  the  lateral  parts  of  the  retina,  are  comparatively  ill- 
defined. 

Secondly,  the  sensibility  of  the  retina  is  less  acute  in  its  lateral 
regions  than  at  the  fundus  and  the  mncula  lulen;  since  according  to 
Hehnholtz,  the  sharpness  of  sight  for  objects  at  a  distance  from  the  line 
of  direct  vision  diminishes  more  rapidly  than  the  distinctness  of  their 
images  on  the  retina.  Objects  in  the  visual  a.\is  are  seen  by  direct 
vision,  and  are  distinctly  perceived;  those  situat».'d  within  the  field  of 
view,  but  outside  this  axis,  are  seen  by  indirect  vision,  and  appear 
more  or  less  confused  in  outline. 

Point  of  distinct  m'aion,  and  Accommodation  for  different  distances. 
— An  optical  instrument,  composed  of  refracting  lenses,  caLnotl»e  made 
to  serve  at  the  same  time  for  near  and  reniote  objects.  If  a  refracting 
telescope  or  spy-glass  be  directed  toward  any  part  of  the  landscape, 
only  the  objects  at  a  certain  distance  are  distinctly  set^n ;  thost*  within  or 
l)eyond  this  distance,  are  obsc\ire  or  iniperceptildc.  This  is  Ixjcause  a 
system  of  lenses  can  bring  to  a  focus  at  on  point  only  those  rays  which 
strike  its  surface  within  a  certain  degree  of  divergence.  The  formation 
of  a  visible  image  at  the  desired  spot  depends  on  the  refracting  pi>wer 
of  the  lenses  being  such,  thnt  all  rays  diverging  from  the  object  shall 
lie  brought  to  a  focus  at  tlie  plane  where  its  image  u  to  be  perceived. 
If  the  object  be  at  an  indefinite  distance  on  the  horizon,  or  if  it  be  one 
of  the  heavenly  bodies,  the  rays  from  any  point  of  it.:  surface  reach 
the  telescope  under  so  slight  a  degree  of  divergence  that  they  are  nearly 
parallel ;  and,  on  suffering  refraction,  they  will  be  brought  to  a  focus  a 
short  distance  behind  the  lens.  But  rays  emanating  from  an  object 
less  remote,  strike  the  lens  under  a  higher  degree  of  divergence.     The 
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same  refractive  power,  therefore,  brings  them  together  leae  rapidly 
than  before,  aud  they  come  to  a  focus  at  a  greater  distance  behind  the] 
lens.  To  providf  for  tliiri,  the  spy-jrlafis  is  furniMhod  with  a  sliditt<l 
tube,  by  w  hifh  Ihe  distance  of  the  eye-pieco  from  the  object-jrlass  moyj 
be  shifted  at  will.  For  examination  of  remote  objects,  the  eye-plect  la 
pushed  forward,  to  Iiring  into  view  the  iiuaire  formed  a  short  distance , 
behind  the  leuH^  for  that  of  near  objects  it  is  drawn  bacltward,  to  rcceivaj 
the  image  placed  further  to  tlie  rear.  This  is  the  accommodation  of  tbfti 
gpy-plass  for  vision  at  different  distances. 

There  is  a  similar  necessity  in  the  eye.     If  one  eye  be  covered,  andj 
two  vertical  needles  be  placed  in  front  of  the  other,  in  nearly  the  Banu 
linear  range,  but  at  different  distances — one,  for  example,  at  eight,  and 
the  other  at  twenty  inches  from  the  eye — it  will  be  found  that  tbey^ 

Fio.  139. 


DiAORAKMATK-  SK4TT0N  tjV  TllK  1:VKUAI,I„  >li')wiUK  <U)fVr.'r»r<<  of  n-fra.  ll.:  -i 

vision. — '1.  X.  Rtt>>  rn>m  a  (kjIiiI  iu  the  litii'  uf  illrw-t  visloti.  fwiiwiil  u:  ; 
from  ft  {Miiut  uulAiik'  thu  llau  uC  dirrct  vUion,  brtiugiit  to  a  I'uciu  •"")  <>    i  r 

the  rpUna. 

cannot  both  be  seen  distinctly  at  the  same  time.     When  we  look  at 
the  one  nearer  the  eye.  so  as  to  perceive  its  form  distinctly,  the  Imaitii 
of  the  more  remote  one  is  confiised ;  and  when  wo  see  the  more  di9«] 
tant  object  in  perfection,  that  which  is  nearer  loses  ita  ehariineas  of, 
outline. 

The  same  thing  may  be  shown  by  atretehing  in  front  of  the  eyt,  at] 
the  distance  of  seven  or  eight  inches,  a  gauze  veil,  or  other  waveal 
fabric  nf  fine  threads,  with  tolerably  open  meshes,  so  that  objects  mar] 
bi'  visible  Through  its  tissue.  The  observer,  in  using  a  single  eye.  may 
fix  at  will  either  the  threads  of  ihv  veil,  or  the  objects  beyond  it;  but^ 
they  alternate  Mith  each  other  in  distinctness,  like  the  two  needles  lai 
the  foregoing  exjjerinient.  When  the  threads  ar»'  sharply  defined,  everr-l 
thing  else  is  indistinct;  and  when  the  eye  is  fixed  on  the  nion-  distant' 
objects,  80  that  they  are  sharply  delineated  in  the  field  of  TbioQ,  the! 
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threads  of  the  veil  become  almost  imperceptible,  and  hardly  interfere 
with  I  he  images  beyond. 

It  is  evident,  therefore,  that  ihc  eye  cannot  perceive  distinctly,  at 
the  same  time,  objects  at  different  distances,  but  it  must  fix  alternat^^ly 
the  nearer  and  the  more  remote,  aod  examine  each  in  turn.  It  is  also 
evident  that,  in  thus  shiflini,'  tlsD  sight  from  one  object  to  the  other, 
there  is  some  change  In  the  cotidition  of  the  eye,  by  which  it  adapts 
itself  to  the  dis^tanoe  of  the  object  examined ;  and  the  alteration  thus 
produced  ie>  not  quite  instant aueouH,  but  requires  a  certain  time  for  its 
completion.  This  process  is  the  accommodation  of  the  eye  for  vision 
at  dij/er^nt  dintancee. 

The  method  by  which  this  ia  effected  ia  an  important  part  of  the 
physiology  of  sight.  It.-^  principal  conditions,  so  far  as  they  have  been 
ascertained,  are  the  following: 

I.  Accommodation  for  different  digtances  is  accompanied  by  a 
chanffe  in  distint^tneas  of  tiie  imc  .  the  retina. 

This  it»  deuioustrated  by  the  ■  ouh  of  Helmholtz  with  the 

ophthalmoscope.  When  the  retina  is  brought  into  view  by  thi**  in- 
strument, if  the  person  under  exa^iination  fix  his  attention  upon  a 
distant  obj(K;t,  its  image  ii|>pear.5  u(K>n  the  retina  with  dintinet  outlines; 
but  on  changing  hirt  point  of  vision  tu  a  unir  object,  the  latter  image 
l>ecorae8  di>tinct,  whilr  the  former  lo.->of  itn  ifharpneds.  This  indicates 
timt  the  re^iult  Is  uot  produced  simply  by  mental  effort,  but  depends  on 

Bhange  in  the  refractive  condition  of  the  eye. 

[I.  Accoimnodation  for  distant  objects  i»  a  paatsive  condition  :  that 
for  near  ohjevtg  its  caused  by  muscular  nctiriiy. 

Thii*  is  in  some  degree  apparent  from  the  accompanying  .sensation. 
The  eye  rests  without  fatigue  lor  an  indefinite  lime  upon  remote  olijecti*; 
but  examination  of  those  in  close  proximity,  i'<pecially  if  prolonged, 
requires  a  certain  effort,  Avhich,  after  a  time,  amounts  to  fatigue.  So- 
lutions of  atropine,  which,  when  applied  to  the  eye,  cause  re]a.xation  of 
ibe  sphincter  of  the  iris  and  dilatation  of  the  pupil,  suspend  at  the 
Mtmo  time  the  power  of  accommodation  for  near  objects,  while  that 
for  remote  objects  remains  perrcot.  Furthermore,  iti  (X-rtain  cases  of 
paralysis  of  the  oculoiiiotoriu.s  nerve,  not  only  the  external  muscles 
of  the  eyeball  and  the  sphincter  pupillte  are  relaxed,  but  accommoda- 
tion is  also  interfered  with ;  and  in  these  instances,  according  to  Helm- 
holtz,  the  eye  remains  adapted  for  long  distances. 

III.  fn  accommodation  for  near  ftbjects,  the  crystalline  Irnft  becomes 
more  convex,  tbu.s  increasing  its  refractive  power.  This  is  the  change 
upon  which  accommodation  is  directly  dependent.  It  wa.s  first  demon- 
strated by  Cramer  and  Dondcrs,*  by  the  aid  of  "cstoptric  images,"  or 
images  of  reflection  in  the  eve.  If  a  candle  flame  be  so  disposed,  in  a 
room  with  dark  walls,  that  its  rays  fall  somewhat  obliquely  upon  the 
cornea,  and  at  an  angle  of  about  30  degrees  with  the  line  of  sight, 


*  DoimSBS,  AccommodtttiiJti  and  Refnictioii  of  the  Eye.     London,  1864,  p.  10. 
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Catoptric  Imagks  in 
THE  Erie, — o.  Upright 
iuui|j:e  of  reflecfjon ,  frtiTii 
till*  fornea,  6.  Upright 
iiuajj^,  fruDi  the  autts 
rior  iiurfiu-o  of  the  V'XiA. 
e.  luvertinJ  iniaije.  frtim 
the  p«Mterior  siirrnce  of 
the  Jena.     (Uc-ltuhultx.) 


aiul  if  the  observer  place  himsoir  on  the  opposite?  ^ide,  at  an  equal  aafle 
with  the  line  of  Bight,  three  reflected  iniagea  of  the  flame  wUI  beuome 
visible,  as  in  Fi^.  140. 

Thu  first  imafre  (aj,  which  is  the  hriphtc8t,  and  upright,  is  pcQcctwl 
from  the  cornoa.  The  second  (6),  which  is  also  upright,  but  inucli 
fainter,  is  from  tho  convex  anterior  surfaw  of  the  lens ;  and  the  third 
(c),  which  is  tolerably  distinct,  but  inverted,  is 
from  the  posterior  surfaot?  of  the  lent*,  at'linur  a»  a 
concave  mirror.  If  the  ijcrson  under  obacrvation 
now  chan(2;e  his  point  of  si^bt,  from  n  distant  lo  a 
near  object,  the  eyeboll  remainirijf  fixed,  the  f*ccond 
liiiufre  {b)  becomes  smaller,  and  places  it*<*lf  nearer 
the  first.  This  indicates  that  the  anterior  sorfaws 
of  the  lens  becomes  more  prominent,  and  approaches 
the  cornea ;  but  there  is  no  change  in  the  other  tw<K 
imaires,  showinir  that  the  curvatures  of  the  cornea 
and  posterior  surface  of  the  lens  remain  unaltered. 
Helraholtz  bus  made  these  phenomena  more  ap- 
parent by  eniployin)ur,  iuiftead  of  a  sinji^le  liurht,  two 
sources  of  illumination  in  the  same  verticnl  line 
(Fisf-  141 ).  This!  skives  two  catoptric  iinafir»*s,  one 
above  the  other,  for  each  surface  of  reflection : 
and  a  change  in  convexity  of  either  one  would  be  manifested  by  the 
approach  or  separation  of  its  inia^feH.  In  aeeommodation  for  remote 
objects  (..'I),  the  imag-es  from  the  anterior  surface  of  the  lens*  are  rather 

larj3;e   and    widely   separated :    in 
Fuj.  141.  accommodation   for   near    objecte: 

(£),  they  diminish  in  Mze  and 
approach  each  other.  The  refla- 
tions from  the  cornea  and  thofsr 
from  the  poatcrior  Bnrface  of  the 
lens  remain  at  the  same  distance 
in  both  states  of  accommodation. 
The  advance  of  the  iri**  and 
pupil,  from  protrusion  of  the  an- 
terior face  of  the  lens,  in  accom- 
inodation  for  near  objects,  can  b«» 
observtHl,  as  n'inarked  by  Helm- 
holtz,  by  lookinp  into  the  eye  from 
the  t*ide.  The  person  under  ob- 
wrvation  fixes  his  sipht  upon  a 
distant  object,  and  the  observer  places  himself  in  such  a  position  that 
the  ed^e  of  the  iris  is  jupt  concettled  by  the  sclerotic.  If  the  r<i«:hi  Ix; 
now  shifted  from  the  distant  object  to  a  nearer  one  in  the  same  linear 
ranpe,  the  pupil  visibly  advances  toward  the  cornea,  and  the  iris  show? 
iliwlf  a  little  in  front  of  its  former  position.     If  the  sight  be  aj 


CifAWfiK  OP  I'osiTioK  i>  Dorui.K  Catoptric 
Ikaobs  during  acTominod&tioD.— .il.  Pofi]lian 
of  iho  imai;«9  iu  u.r«(>miii(xlalloii  for  d1«l*nl 
otijetls.  li.  l'(>»iitoii  of  Iho  iuia^cs  Jn  accoin- 
tui-idutiuii  for  m>i»r  objw-ls.  n.  Corneal  imagu. 
6.  Image  fmtn  auU-rtor  jiurfacp  of  lerw,  r. 
Iiiinife  fpura  post«riur  surfiuM  of  Itiw,  (Uvliu- 
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4liM0ted  to  the  distant  olyeft,  tin-  jMipil  n^codes  and  the  edge  of  thf  iris 
diaappt^ars  behind  the  aclerotic. 

The  flwonimodation  of  the  eye  for  near  objects  I3  theroforo  produLcd 
by  incrtased  refracti'^fi  fM/iver  of  Ihr  lenn,  from  the  jrrcQttT  buliring 
of  its  anterior  face.  This  increases  the  convor*renco  of  rays  paasiug 
through  it,  and  compensates  for  their  greatwr  divergence  l)eforehaud- 
Iti  the  condition  iji  ocular  repose,  with  the  eye  directed  to  distant 
objects,  rays  coming  from  any  one  point  arrive  at  the  cornea  nearly 
parallel,  and  are  so  refracted  as  to  meet  in  a  focuft  til  the  retina.  When 
the  eye  is  directed  to  a  nearer  [wint,  the  lens  increases  its  anterior  con- 
vexity ;  and  the  diverjrent  rays,  bcins;  more  stronfrly  refracted,  are  still 
brought  to  a  focut*  at  the  retina,  as  Ix'fore.  It  thus  iH^rnrne.s  pinssible  to 
fix  alternately,  in  distinct  vinion,  objects  at  various  distances. 

Mechaniam  0/  Accommodation. — The  means  by  which  the  lens  is 
rendered  more  convex,  in  vision  for  near  objects,  is  not  fully  demon- 
strated. Rea-sons  have  already  been  given  for  the  iK'lief  that  it  is 
accomplished,  in  some  way.  by  miif«cular  action ;  and  the  two  muscles 
which,  seimrately  or  together,  undoubtedly  produce  this  change,  are 
the  iritf  and  the  ciliary  muscle. 

The  pupil  certainly  citntracts  in  accommodation  for  near  object*. 
This  is  easily  observed  <>n  examining  liy  dayliglit  an  eye  which  is 
alternately  directed  to  near  and  renjote  objects.  The  ciliary  muscle,  on 
the  other  hand,  cannot  be  inspected  in  this  way ;  but  its  attachments 
^HSd  position  have  led  many  writers  to  consider  it  as  the  principal 
•pent  in  changing  the  fonu  of  the  lens. 

It  appears  that  the  diminution  in  si«o  of  the  pupil  is  not  by  itself  an 
efficient  cause  of  accommodation ;  since,  according  to  Helmholtz,  if  the 
observer  look  through  a  perforated  card,  the  orlHee  of  which  is  sniullcr 
than  the  pupil,  near  objects  still  iippear  indistinct  when  the  sight  is 
directed  to  the  distance,  and  vice  vfreid,  notwithstanding  the  invariable 
dimensions  of  the  artiticial  pupil  eniployod.  The  contraction  of  the 
sphincter  pupillie  probably  serves  to  Rx  the  inner  border  of  the  iriSj 
as  a  point  of  altachujent  for  its  radiating  fibres.  These  fibres  are 
attached  externally  to  the  elastic  tissue  at  the  posterior  wall  of  the 
eanal  of  Schlemm  (Fig.  130);  and  from  this  circle  also  arise  the 
fibres  of  the  ciliary  muscle,  which  radiate  thence  to  their  attachment 
at  the  choroid  membrane.  If  the  circular  and  radi.iting  fibres  of 
Iwth  muscles  contract  together,  they  will  form  a  connecle<l  system, 
which  may  exert  a  pressure  on  the  borders  of  the  lens,  sufficient  to 
cau.se  the  protrusion  of  its  ant-erior  fac<'.  The  details  of  this  m«x>ban- 
i>m  are  by  no  means  clearly  understood  ;  and  explanations,  varying 
more  or  less  from  the  above,  have  l>een  proposed  by  observers  of  high 
authority.  The  direction  and  degree  in  which  pressure  woulil  be  exert4?d, 
by  muscular  fibres  attached  like  those  in  the  interior  of  the  eye,  are  too 
tmi)erfectly  known  to  warrant  a  positive  sttitement  ia  this  respect. 

Limitg  0/  AccommodaUon  for  the  Xormnl  K>je. — The  normal!  eye  ia 
so  constructed  that  rays  emanating  frotu  a  siugle  point,  though  coming 
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from  an  indefinite  distance,  and  therefore  sensibly  parallel,  are  brouffbt 
to  a  focns  at  the  retina  (Fig.  142).  Vision  is  according:ly  distinct,  eT«n 
for  the  heavenly  bodies,  provided  their  li^i^ht  lie  neither  too  dim  nor  too 
brilliant.  For  objocts  ssituated  nearer  the  eye,  the  ronvexit}*  of  the  lcn» 
increases  with  the  diminution  of  distance,  and  vision  remains  perfect. 
But  there  is  a  limit  to  the  change  in  shape,  of  which  the  lenB  is  capa- 
ble ;  and  when  this  limit  h?  reached,  a  closer  opproximatioD  of  the 
object  destroys  the  accuracy  of  its  ima.ire.  For  ordinary  nonnal 
eyes,  in  the  early  or  middle  periods  of  life,  accommodation  failt*  and 
vision  hecomcR  indistinct,  wiien  the  object  is  placed  at  less  Umn  \b\ 
centimetres  (<j  inches)  from  the  eye. 

Between  these  two  limits,  of  15  centimetres  and  infinity,  the  accom-j 
niodation  required  is  by  no  menns  in  simple  proportion  to  the  distance. 
The  accommodation  necessary  for  objects  pituated  rc6|joctively  at  15 
and  30  centimetres  from  the  ©ye  (fi  inches  and  12  inches),  is  much 
fffeater   than    for   the   distances  of  otie  yard  and   tw  1-.      The 

farther  the  object  recedes   from   the  eye,  the  lose  >:  is  pro-| 

duced.  in  the  divergence  of  the  rays,  by  nn  nddilionni  dixtnnee ;  and 
consequently  less  change  is  required  in  the  refractive  condition  of 
the  eye-  It  is  generally  found  that  no  sensible  rtfort  of  sceommmla- 
tion  is  needed  for  objects  situated  lM'v<iud  fifty  fe«'t  from  0  mt; 

while  within  this  limit  the  nfcomraodotinn  neccHsurv  for  rli  -inn 

increoses  rapidly  with  the  diminution  of  dijstnnf'" 

An  eye  which  h  capable  of  distinct  vision,  tlMoiigrmui  the  wiiule 
range  lictween  15  centimetres  and  an  indefinite  distance,  is,  in  this 
respect,  a  normal  eye,  and  is  said  to  be  emmefroprc ;  that  Is,  its 
powers  of  accommodation  are  within  the  natural  limitn  "r  tn.Mi-nr... 
ments  of  this  fimction. 

Pm<btfnjnc  Eye. — The  power  of  nceominodnlion  oatunil! 
with  the  advance  of  age;  and  observation  shows  that  thi 
dates  from  the  earliest  period  of  life.     Infants  ofVen  examine  minutel 
objects  nt  very  short  distances,  in  a  manner  which  would  be  Impfiuv 
ticaljle  for  the  healthy  adult  eye;   and  the  mininmm  distance  of  dis- 
tinct vision  nt  twenty  years  of  nge  is  phseed  by  some  writers  at  ten 
centimetres  instead  of  fifteen.     The  power  of  increasing  the  convexity j 
of  the  lens  to  this  extent  is  soon  lost;  and,  as  it  continues  to  diminisb,! 
a  time  arrives,  usiiaily  between  the  ages  of  40  and  50  years,  when  tbej 
inca]iacity  of  aceonunodation  for  near  objects  begins  to  interfere  %^'ith 
the  ordinary  occupations  of  Hfe.     When  this  condition  is  reached,  tl 
eye  is  said  to  be  prenhtfopir.     Its  vision  is  still   perfect  for  dislani 
objects,  but  it  can  no  longer  adapt  itself  to  those  in  close  proximity.] 
To  remedy  this  defect  titc  juiticnt  employs  a  convex  eye-glass,  whic 
gives  him  an  increased  refraction  for  the  examination  of  near  objects^ 
and  he  is  thus  enabled  to  read  or  write  at  ordinary  distances  and  in 
characters  of  the  ordinary  size. 

The  use  of  a  convex  eye-glass  does  not  restore  the  perfection 
sight  as  it  existed   beforehand.     In  the   normal  eye,  the  degree 
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)mmodation  varies  for  every  change  of  distance  within  fifty  feet  *, 
and  the  organ  is  thus  adjufited  by  an  in^itantaneouB  and  uncoosciouH 
movement,  for  the  most  delicate  variations  of  refractive  power.  But 
an  eye-glasw,  the  curvatures  of  which  are  invarialjlo,  can  give  perfect 
correction  only  for  a  single  distance.  A  glass  la,  therefore,  usually 
selected  of  such  curvature  as  to  serve  for  the  most  convenient  dis- 
tance in  ordinary  manipnlatiouti. 

Myopic  Eye. — In  many  instances,  where  the  eye  is  otherwise  normal, 
its  antero-posterior  diameter  is  longer  than  usual,  thus  placing  the  retina 
at  a  greater  distance  behind  the  lens.  Consequently,  although  the 
rajs  are  brought  to  a  focus  at  the  usual  distance  behind  the  cornea,  this 
focus  is  situated  in  the  vitreous  l*ody ;  and  the  rays  reach  the  retina  only 
after  their  crossing  and  partial  dispersion  (Fig.  143).  This  produces 
indistinct  vision  for  remote  objects.     But  for  those  at  shorter  distances, 

Fig.  14L\ 


Emmi.tboi'IC  Eyk,  iu  vWoii  nt  lon^  dWlauic*.     iWiin.ll.i 

Fio.  M3. 


Myopic  Ets,  In  ri  ■ 


ii  distances.    (Wundt.) 


the  rays  enter  the  pupil  under  such  a  divergence,  that  their  focus  falls 
at  the  retina,  and  the  object  is  distinctly  seen.  Such  an  eye  is  said  to 
be  myopic,  or,  in  ordinary  language,  "near  sighted,"  because  its  range 
of  distinct  vision  is  confined  to  comparatively  near  objects.  The  flexi- 
bility of  the  lens,  and  its  capacity  for  increased  convexity,  may  he,  in 
the  myopic  eye,  fully  up  to  the  normal  standard,  and  consequently  its 
power  of  accommodation  may  be  as  great  as  that  of  the  normal  eye. 
In  the  emmetropic  condition,  a  certain  variation  in  the  curvature  of 
the  lens  produces  the  requisite  acconuuodation  for  all  distances  be- 
tween 15  centimetres  and  infinity.  In  the  myopic  eye  the  same  accom- 
modating power  may  be  exercised  between  the  distances  of  8  and  20 
oeutlmetres.      The  myopic  eye  consequently  has  distinct  vision  at 
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shorter  ranges  than  a  normal  one,  but  gives  an  imperfect  Image  for j 
remote  objects. 

The  remedy  employed  for  the  myopic  eye  is  a  concave  eyt 
which  increases  the  divergence  of  the  incident  rays.     This  sen 
carry  the  focus  of  parallel  or  nearly  parallel  rays  farther  backwftrd, 
that  it  falls  upoD  the  retina,  producing  distinct  vision.     As  the  accot 
modating  power  is  normal  in  amount,  this  contrivance  reslorep  the  pti 
fection  of  sighl,  if  the  e^^e  be  otherwise  well-formed;  and  the  paticol 
can  then  accommodate  for  all  distances  within  the  natural  limits 
distinct  vision. 

Apparent  Poaifion  of  Objects,  and  Binocular  Vision. — ^The  npparei 
position  of  an  object  is  determined  by  the  direction  in  which  the  laml 
nous  rays  coming  from  it  enU-r  the  eye.    The  perception  of  light  nece 
Barily  marks  tho  direction  in  which  it  has  arrived,  and  therefore  tt 
apparent  position  of  its  source.     It  is  difficult  to  understand  fully  ih 
physiological    cause  for  this  appreciation  of  the  path  followed  by 
hirainouB  beam  ;  though  it  seems  probable  that  it  may  be  connectc 
with  tho  position  of  tho  rods  and  cones,  which  are  everyw^here  perpeii 
dicular  to  the  curved  surface  of  the  retina,  and  thus  receive  the  imprei 
eioi'  of  a  ray,  if  at  all,  in  the  direction  of  their  longitudinal  axes.     lit 
wliatever  may  l)c  the  optical  mechanism  of  the  process,  its  result 
that  a  ray  coming  from  below  attracts  attention  to  the  inferior  part  of 
the  field  of  vision  ;  and  one  coming  from  above  is  referred  to  the  upj 
part  vf  the  same  ield.     Thus  if  two  luminous  points  appcrar  simult 
neously  in  the  field  of  vision,  they  present  themselves  in  a  certain  pos 
tion  with  regard  to  each  other,  above  or  below,  to  the  right  or 
left,  according  to  the  direction  in  which  their  light  has  reached  the  eye 

If  \b  evident  accordingly  ibat  the  lower  half  of  the  retina  receive.*  tl 
rays  coming  from  above,  and  its  upper  half  tho.'*e  coming  from  below  H 
while  thj  right  half  of  the  visual  field  is  perceived  by  the  left  half  ofj 
th:;  retina,  and  vice  versd.     The  image  formed  upr>n  the  rctioa  is  coi 
sequeutly  an  inverted  and  reversed  image  of  the  object.     Bat  a«  it  i»l 
tbo  direction  of  the  visual  ray  at  its  impact  on  the  retina  which  deter-j 
minec  the  apparent  position  of  its  source,  objects  will  appear  ei 
though  their  images  on  the  retina  are  inverted;  and  the  eye  perceiv* 
every  objeet  in  the  field  of  vision  above  or  >k?1ow,  to  the  right  or  lcrt,J 
according  to  the  position  which  it  really  occupies  in  regard  to  the  cent 
of  the  field  and  the  line  of  direct  vision. 

Point  of  Fixation,  in  Vision  unfh  Tim  Eyes. — For  either  eye,  distiofl 
perception  is  possible,  as  shown  above  (p.  538),  only  for  objects  in 
single  ranpe,  known  as  the  "line  of  direct  vision."     Since  the  eyes 
placed  in  their  orbits  at  a  lateral  di.stance  from  each  other  of  about 
centimetres,  when  they  are  both  directed  at  the  same  object,  within 
moderate  distance,  their  lines  of  direct  vision  have  a  sensible  convf 
gence,  and  meet  at  a  certain  point.    At  this  intersection  of  the  two  lint! 
of  direct  vision,  an  object  may  be  seen  distinctly  by  both  eyea.     Bi 
at  every  other  point  it  must  appear  indistinct  to  one  of  them ;  becatisfl 
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the  line  of  direct  vision  for  the  right  eye  it  will  1)e  out  of  that  line 
for  the  left  eye,  and  tnce  rersd.  There  is,  accordingly,  only  a  certain 
distance,  directly  in  front,  at  which  an  objeet  e^n  he  distinctly  seen  sim- 
ultaneously by  both  eyes;  namely,  that  at  which  the  two  lines  of  direct 
vision  coincide.  This  point  is  called  the  point  of  fijatirm.  for  the  two 
eyes.  In  fi.\ing  any  object,  for  binocular  vision,  the  accommodation 
in  each  eye  is  adjusted  for  the  required  distance ;  and  thus  the  entire 
accuracy  of  both  organs  is  concentrated  upon  a  single  point. 

Since  it  is  the  position  of  the  two  eyes  in  their  orbits  which  deter- 
mines the  point  of  fixation,  the  observer  can  form  a  tolerably  accurate 
judgnient,  a»s  to  whether  another  person  within  a  moderate  distance  be 
looking  at  him,  or  at  a  different  object  in  the  same  direction.  For 
greater  distances  the  estimate  fails,  because  the  obliquity  of  the  eyes, 
in  looking  at  remote  objects,  is  so  small  that  its  variation  is  no  longer 
npprecinble. 

Single  Vision  with  both  Eyes. — It  is  evident  from  the  preceding  that 
there  can  be  only  one  point  in  the  line  of  direct  vision  for  both  ojes  at  the 
same  time.  When  an  object  occupies  this  situation,  namely,  the  point 
of  fixation,  it  is  distinctly  jit^rceived  by  tnvch  eye  in  the  centre  of  the 
field  of  vision  ;  thus  its  two  visual  images  exactly  cover  each  other  and 
BO  form  but  one.  Consequently,  the  object  appears  single,  though 
seen  by  both  eyes.  But  if  placed  either  within  or  beyond  the  poiut  of 
fixation,  it  will  appear  indistinct  atul  at  the  same 
time  double.     If  the  observer  hold  a  slender  rod  Fio.  144. 

in  the  vertical  position  at  a  distance  of  one  or  z 

two  feet  before  the  faciv,  and  in  the  same  range 
with  any  small  object,  such  as  a  door-knob,  on 
the  opposite  side  of  the  room,  it  will  be  found 
that  when  both  eyes  are  directed  at  the  rod,  it 
is  seen  single  and  distinctly,  but  the  door-knob 
appears  double,  one  of  its  images  falling  on  each 
Bido.  If  the  eyes  l>e  now  directed  at  the  door- 
knob, that  in  turn  becomes  distinct  and  single, 
while  the  figure  of  the  rod  is  double,  one  indis- 
tinct image  appearing  on  each  side,  as  l)efore. 

These  phenomena  depend  on  the  different  direc- 
tions of  the  two  lines  of  vision.  When  the  nearer 
object  (Fig.  144,,)  occupies  the  point  of  fixation, 
th«  farther  object  (,,)  will  also  be  seen,  because  it 
ie  still  included  in  the  visual  field ;  though  it 
will  be  scx'n  indistinctly,  because  the  accommoda- 
tion of  the  eye  is  not  adjusted  to  its  distance,  and 
because  it  is  not  in  the  direct  line  of  sight.  But 
for  the  right  eye  (o)  it  will  f>c  placed  to  the  right 
of  this  line,  and  for  the  left  eye  {b)  to  the  left  of  it. 
Its  two  images  do  not  correspond  with  each  othc. 
in  situation,  and  it  accordingly  appears  double. 
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When  the  eyes,  on  the  other  hand,  are  directed  to  the  more  distant 
objcctjtho  nearer  one  is  no  Ioii^t  at  the  point  of  Bxalion.     P<»r  tim 
rijfht  eye,  its  imago  wilJ  appear  to  the  left  of  the  line  of  sight,  and! 
for  the  left  eye  to  the  right  of  this  lino.     It  therefore  becomes  dnnMi* 
and  indistinct. 

Thus,  in  ordinary  binocular  vision  every  object  but  one  appear- 
double  and  indistinct.  This  circumstance  is  so  little  noticed  that  it 
never  causes  confusion  of  .<?ight,  and  even  requires  a  speeift]  expefi- 
ment  to  demonstrate  its  existence.  The  reason  for  its  passing  unob- 
served i.s  twofold.  First,  the  attention  is  naturally  concentratfil  upon 
the  object  at  tbi-  jioint  of  fixation.  When  this  point  is  i*hift<'d,  i-ach 
new  object  upon  which  it  falls  apjTt'ars  single  -,  and  thus  the  idea  of  » 
double  image,  even  if  indistinctly  suggested  at  any  time,  is  at  uuoe 
dispelled  by  the  movement  of  the  eyes  in  that  direction.  ?<  '" 
an  object  placed  toward  either  side  will  furm  a  double  imagr-, 
apparent  position  is  dillerent  for  the  two  eyes.  But  the  obliquity  of 
its  rays,  and  consequently  the  indistinctness  of  its  image,  will  bo  greater 
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Fig.  14G. 
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for  the  right  eye  than  for  the  left,  or  idee  versd;  and  the  notice  of  tl 
observer,  if  drawn  to  it  at  all,  is  occupied  with  the  more  distinct  of  I 
the  two   images,  to   the  exclusion  of  the  other.     The   fact   lieconiet] 
palpable  only  iu  such  nn  experiment  as  the  above,  where  the  bodies 
examined  are  iu  ihe  same  linear  range,  so  that  the  double  images  pro- 
duced are  equal  in  intensity,  and  sufBiciently  contrasted  with  surro^ 
ing  objfcts  to  attract  attention. 

Double  vision  may  be  produced  at  any  time  by  pressure  at  the  oi 
angle  of  one  ere,  so  as  to  alter  its  position  in  the  orbit,  the  other  eyi 
remaining  lixed.    But  in  this  case  the  wholt^  field  of  vision  is  displwH^^ 
and  all  objects  are  doubled  iudiscnniinately.     This  form  of  double  via»1 
ton  is  produced,  in  vertigo  or  intoxication,  by  irregular  action  of  tb« 
muscles  of  the  eyeball. 

Appreciation  of  Sofiditi/  and  Projection.  —  When  both  eyee  art. 
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directed  at  a  siiiple  object,  its  distance  may  be  ostiniated  with  Rome 
accuracy  by  the  convergence  of  the  visual  axes  required  for  its  fixa- 
tion. Another  impression  is  also  prorluced  by  binwMitar  vision,  when 
an  object,  of  appreciable  vohinie  and  thicknosn,  it*  viewed  within  a  mod- 
erate distance.  Owing  to  the  lateraJ  separation  of  the  two  eyes,  and 
the  converg-ence  of  their  visual  axes,  they  do  not  receive  precisely  the 
same  imag^e.  Both  eyes  will  see  the  front  of  the  object  in  nearly  the 
same  manner ;  but  in  addition  the  right  eye  will  see  a  little  of  its  right 
side,  and  the  left  eye  a  little  of  its  left  side.  This  is  illustratt-d  in  Figs. 
145  and  14G,  representing  an  object  as  seen  by  the  two  eyes,  at  a  dis- 
tance of  eightt^n  inches  or  two  feet;  rather  more  of  the  details  on  one 
side  being  visible  to  the  left  eye,  and  rather  more  of  those  on  the  other 
side  to  the  right  eye.  As  t\w  central  part  of  its  mass  is  in  the  point 
of  fixation,  at  the  junction  of  the  visual  axes,  the  object  appears  single. 
But  the  images  which  it  presents  to  the  two  eyes  are  not  precisely 
identical ;  and  the  combination  of  these  different  images  into  one  gives 
the  impression  of  mliditij  and  projection. 

This  effect  is  complete  only  when  the  object  is  within  a  moderately 
short  distance.  For  those  which  arc  remote,  the  convergence  of  the 
visual  axes,  and  the  consequent  difference  in  configuration  of  the  im- 
ages, l»ecome  inappreciable,  and  thf  impression  of  solidity  disappears. 
At  a  distance  of  some  miles  even  a  large  object,  like  a  mountain,  loses 
its  projection,  and  wppcars  like  a  flatt<'ned  mass  against  the  horizon. 
The  pictorial  representation  of  distant  views  is  therefore  oftesn  very 
effective,  the  idea  of  remoteness  in  different  parts  of  the  landscape 
being  conveyed  by  appropriate  intersections  of  outline  and  by  varia- 
tionsi  in  tone,  color,  and  distinctness,  like  those  due  to  the  interposition 
of  the  atmosphere.  But  a  picture  which  aims  to  represent  the  solidity 
of  near  objects  can  never  deceive  us  in  this  refip<'ct.  however  elaborate 
its  details;  since  its  surface  presents  the  same  image  to  both  eyes,  and 
it  is  consequently  evident  that  the  objects  delineated  have  no  real  pro- 
jection. Btit  the  appcinuiee  of  solidity  may  be  succt>ssfully  imitated  by 
representing  an  object  in  two  flifferent  positions.  This  is  the  }>riiiciple 
of  the  fftereosrvpe.  Two  photographic  pictures  of  the  same  object  are 
taken  from  different  points  of  view,  one  of  them  representing  it  as  it 
would  be  seen  by  the  right  eye,  and  the  other  as  it  would  be  seen  by 
the  left.  With  these  pictures  so  placed  in  the  stereoscope  that  each 
eye  has  presented  to  it  the  appropriate  view,  the  two  images  are  com- 
bined in  the  act  of  vision,  producing  the  apparent  effect  of  projection 
and  solidity. 

General  Laws  of  Visual  Perception. — Beside  the  formation  and  com- 
bination of  optical  images,  there  are  certain  phenomena  connected  with 
visual  perceptions  in  general  which  are  of  interest  in  the  physiology 
of  sight.  Some  of  these  phenomena  require  special  modes  of  investi- 
gation, while  others  are  made  evident  by  comparatively  simple  means, 
and  are  often  important  iii  their  hygienic  relations. 

Luminous  impressions  upon  the  eye  continue  for  a  short  time  a/Utr 
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cessation  of  the  light. — The  persistence  of  these  impressions  is  not  usxi- 
ally  noticeable,  beeau«e  they  are  immediately  followed  by  others  on  thai 
same  part  of  the  retina,  and  are  thus  practically  obliterated.     But,  if 
the  momentary  impression  be  not  at  once  followed  by  a  different  one,  I 
or  if  sufficiently  vivid  to  bo  perceived,  notwithstanding-  the  presence  ofj 
others,  it  may  he  made  evident  to  observation.     If  a  bright  point,  like] 
the  heated  end  of  a  wire,  be  carried  round  in  a  circle  in  a  dark  roonii 
with  moderate  rapidity,  the  eye  follows  it  throupliout.    But  if  the  ra- 
pidity of  its*  movement  be  increa.*ied,  it  appears  drawn  out  more  or  lesa' 
into  a  curved  line ;  and,  when  moving  with  very  hig^h  velocity,  it  be- 
comes transformed  into  a  continuous  circle  of  light,  since  its  impres* 
sion  upon  the  retina,  when  at  one  part  of  the  circle,  lasts  until  it  hoal 
completed  its  revolution  and  returned  to  the  same  point.     The  sparkj 
thrown  off  in  rapid  succes.sion  from  a  knife-grinder's  wheel  produce  th«j 
effect  of  an  unbroken  stream  of  Rre.     A  circular  saw  with  large  tecth» 
revolving  under  high  speed,  presents  apparently  a  smooth  edge,  formed^ 
by  the  moving  jioiuts  of  the  teeth  ;  and  the  spokes  of  a  rapidly-turning' 
wheel  become  confuned  upon  the  retina  with  the  intervening  spuoee, 
and  assume  the  appearance  of  a  glimmering  disk. 

The  duration  uf  visual  impressions  cannot  be  expressed  by  any  singlaj 
term  which  would  be  correct  for  oil  cases.     A  brilliant  light  leaves,  on 
the  whole,  a  longer  injpre^sion   than  a  feeble  one;  but,  on   the  other] 
hand,  its  relative  intensity  to  surrounding  objects  dimiuiBhes  mora] 
rapidly,  and  it  consequently  requires,  if  in  motion,  a  higher  velocity 
to  produce  the  nppearunee  of  a  uniform  bright  line.      The  time  durinif 
which   luniinouK  iniprefjsions  remain,  without  appreciable  dimiuutioa^ 
of  their  intensity,  is  usually  tested  by  means  of  revolving  disks,  varie-j 
gated  in  equal  sectors  of  black  and  white.    The  rate  of  revolution  beiD^j 
known,  as  well  as  the  width  of  the  sectors,  when  the  revolving  surface  j 
presents  a  uniform  gray  tint,  the  time  during  which  the  visual  impre9> 
sion  remains  undiminished  is  readily  calculated.     The  result  of  such; 
experiments  gives  the  duration  of  undiminished  impressions,  for  revolv-j 
ing  disks  under  moderate  illumination,  as  oue-twenty-fourth  of  a  socond; 
and,  far  the  oscillation  of  a  very  luminous  point  following  the  vibrationa 
of  a  tuuing-fork,  one-thirtieth  of  a  second. 

The  persistence  and  apparent  continuity  of  successive  visual  images 
are  illustrated  by  the  Tfi  an  mo  trope  and  other  similar  contrivances,  in 
which  a  number  of  pictures,  representing  the  same  object  in  different 
positions,  are  made  to  pass  in  quick  succession  before  the  eye.  Tha 
intervals  between  them  are  too  short  to  be  observed,  and  the  figure 
appears  as  if  in  motion. 

Duration  of  a  Luminous  Imptthe  necessary  for  its  Percepiior^.—m . 
This  point  has  been  investigated  by  Rood*  by  means  of  the  electric 
spark  flrom  an  induction  coil  connected  with  a  Lcyden  jar.     The  dara* 
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tion  of  the  spark  obtained  on  breaking  the  primary  current  was  meas- 
ured by  the  aid  of  an  apparatus  arranged  as  in  Fig.  147. 

The  light  emanating  from  the  spark,  S,  was  received  by  an  achro- 
matic lens,  L.  It  then  fell  upon  a  plunt;  mirror  revolving  with  a  uni- 
form velocity  of  340  per  spcoud,  and,  after  reflection,  was  brought  to  a 
focus  upon  a  glass  plat^*,  G,  where  it  could  be  examined  by  the  eye- 
piece, E,  magnifying  ten  diameters. 
From  the  known  rate  of  revolution 
of  the  mirror,  and  its  distance  from 
the  plate  G,  the  rapidity  of  motion  of 
the  reflected  beam  upon  the  plate  was 
determined.  If  the  spark  htritod  long 
enough  for  its  reflected  image  to  move 
ever  an  appreciable  distance,  it  would 
appear  to  be  drawn  out  in  a  linear 
form,  owing  to  the  persistence  of  its 
visual  impression.  But  with  the  niir- 
ror  revolving  at  this  sjxied  no  nuch 
alt'Cration  was  perceptible,  the  reflected 
spark  apriearing  as  if  stationary ;  show-  -^^^^^-^  ^«  r^To"!.."""  'l"r"'"'  "^ 

.'         ,  .  .  «      1-     1  WD  electric  •park.— S.  PosrtUon  of  Uienpark. 

mg  that  iho  duratiotl  of  the  light  could        L.  Achromatic  lem.     M.  Revolvtiig  mlT> 

not  be  greater  than  .000002  (^mAnnr)      'T.J^'  «'*-P'"^'»'«^^'«*in«"^««««8« 

"      ,  V  a  0  0  0  0  0  /        of  tbe  ipark.    E.  Teleacope  e^^-jdeM. 

of  a  second. 

In  subsequent  experiment.*,  there  wasi  interposed  between  the  gpark 
and  the  mirror  a  gla.ss  plate,  ruled  with  alternate  transparent  and  opaque 
lines,  21  ^^  ^  millimetre  in  width.  Its  image,  when  illuminated  by  the 
spark,  would  npi>ear  upon  the  plate,  G,  as  a  series  of  black  and  white 
lines.  With  the  mirror  in  motion,  if  tbe  illumination  lasted  long 
enough  for  the  image  to  be  shifted  a  distance  equal  to  the  combined 
width  of  a  black  and  white  line,  these  lines  would  become  undistin- 
gnishable  from  each  other  as  in  the  revolving  disk  with  black  and 
white  sectors.  Thus  the  continuance  of  the  visible  lines,  under  a  given 
rate  of  motion,  proved  that  the  duration  of  the  electric  spark  was  less 
than  a  certain  calculable  period.  The  result  showed  that  the  shortest 
measurable  spark  la.'sted  but  little  over  .00000004  (ssdoWdu)  of  a 
second. 

With  a  spark  of  thi.s  duration,  motionless  objects  were  distinctly 
visible.  The  letters  ou  a  printed  page  could  be  recognized,  and  even 
the  polarization  of  light  was  plainly  obEcrvable.  It  was  accordingly 
sufficient  to  produce  a  complete  retinal  imprcpsion. 

These  experiments  do  not  indicate  the  time  required  for  nervous 
action  in  the  perception  of  light.  They  only  show  that  a  luminous 
impulse  having  the  above  duration  is  sufficient  to  excite  the  sensibility 
of  the  rotina.  But  the  time  requirud  for  perceiving  the  sensation  is 
very  much  longer.  From  the  results  given  in  a  preceding  chapter 
(page  311)  it  appears  that  the  passage  of  a  visual  impression  through 
the  optic  nerve  would  require  at  least  yVon  ^^  ^  second,  and  its  percep* 
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tion  in  the  brain  considerably  more.  It  follows  from  this  thai,  at  the 
instant  when  the  electric  spark  is  seen,  it  has,  in  fact,  already  come 
to  an  end;  the  interval  which  elapses  before  it  is  perceived  bj  the 
observer  being  very  much  greater  than  its  actual  duration. 

This  accouuts  for  a  peculiar  effect,  often  observed  under  the  use  uf 
the  electric  3park,  namely:  that  bodies  in  rapid  motion,  when  ilituni- 
nated  hj  an  instantaneous  discharge,  appear  as  if  at  rest.     A  dUk  with 
black  and  white  sectory,  in  revolution  under  continuous  light,  ap|)earB 
of  a  uniform  gray.     But  if  such  a  disk,  revoUnng  in  a  dark  room,  be 
illuminated  by  the  cltctrie  spark,  it  becomes  visible  for  an  instftnt,  wiihJ 
its  sectors  as  T.istinct  from  each  other  as  if  they  were  at  rest.     A  jet] 
of  water,  flowing  from  a  narrow  orifice,  is  transparent  in  its  upper  part, 
but  turbid  lower  down  ;  and  by  i;istauta.neous  illumination  the  turbid 
portion  is  seen  to  be  composed  of  sepanfe  drops,  which  appear  motion* 
less.     The  passage  of  a  cannon-boll  cv  a  bullet  by  daylight  is  imper* 
ceptiblu  ;  because  it  dous  not  renia-T  long  enough  at  any  one  point  to 
efface  the  persistent  impression  of  injects  behind  it.     But  if  such  a  mis-i 
sile  should  happen  to  be  passing  in  fi'ont  of  the  observer  in  the  night  \ 
during  a  thunder-storm,  at  tht;  moment  of  a  flash,  it  would  be  eqoiUlj' 
visible  with  other  objects,  and  would  appear  as  if  suspended  rootionieas 
in  the  air. 

The  momentary  closure  of  the  eyos  in  winking,  for  the  same  reMOO, 
is  unnoticed,  and  causes  no  interference  with  sight ;  since  the  ristisl 
impression  of  external  objects  continues  unimpaired  during  the  interval 
occupied  by  the  movement  of  t!ie  lids. 

The  sen.nhilifij  of  the  retina  is  diminished  by  continued  impre^Mtons,' 
— This  diminution  seems  to  take  place  fironi  the  very  commenet-ment  of 
a  visual  impression,  so  that  it  may  Ije  perceptible  within  a  few  ii»econd». 
When  the  image  of  the  retinal  blood-vessels  is  made  apparent  by  chang- 
ing the  position  of  their  shadows  (page  530^  their  figures  are  visibld 
for  an  instant  with  extreme  shnrpness.  But  they  at  once  begin  to  fad« 
and  ioon  become  imperceptible.  The  portions  of  the  retina  under  ftill 
illumination  have  their  sensibility  so  rapidly  diminished,  that  the 
Bhadow,  if  motionless,  is  no  longer  visible  by  contrast.  Those  in 
shadow,  on  the  other  hand,  become  more  sensitive  by  repose;  and 
when  the  shifting  of  the  liglit  brings  them  again  into  illumination, 
they  are  already  more  snsceptible  to  its  influence. 

If  one  eye  be  covered  by  a  dark  glass,  and  the  other  used  alone  fof 
reading  or  writing,  at  the  end  of  an  hour  the  difference  in  retinal  sen- 
sibility of  the  two  will  be  very  apparent.  A  faintly  luminous  objwrl 
in  a  dark  room  may  be  almost  imperceptible  to  the  eye  which  has  been 
in  use,  while  appearing  to  the  other  (piite  brilliant.  But  this  condition 
is  transitory;  and  by  covering  the  eye  previously  in  use,  and  reading 
or  writing  with  the  other,  the  fatigued  organ  recovers  its  sensibility, 
and  that  which  was  before  the  most  sensitive  becomes  less  so. 

The  diminution  and  recovery  of  retinal  sensibility,  under  excitciDent 
and  repose,  is  connected  with  the   phenomena  of  negative  imaget. 
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If  the  eye  be  fixed  for  a  short  time  upon  a  white  spot  in  a  black 
ground,  and  then  suddenly  directed  toward  a  blank  wall  of  white 
or  light  gray  color,  a  dark  ypot  will  appnar  upon  tt,  of  tb«^  same  size 
anci  figure  with  ibc  whir*'  one  prcvioti-^ly  ohservtid.  This  i.>4  the  "nc;ira- 
tive  image  "  of  the  retinal  impression.  That  part  of  the  retina  which 
was  first  impressed  by  the  rays  from  the  white  spot  becomes  lovss  scn.si- 
tive;  and  another  Avhite  surface,  looked  at  immediately  afterward, 
appears  dark.  On  the  other  hand,  those  parts  which  were  expo>;ed 
only  to  the  dark  ground,  that  is,  to  the  comparative  absence  of  light, 
are  more  sensitive  than  before ;  and  the  surface  of  the  ^'hite  wall,  out- 
fldde  the  central  spot,  consequently  appears  brijrhter.  If  a  piece  of 
dark  furniture  against  a  white  or  gray  wall  be  looked  at  steadily  for  a 
short  time,  on  shifting  the  eyes  to  a  different  |>art  oF  the  wnll,  the  figure 
of  the  chair  or  table  will  appear,  with  all  its  details  of  outline,  expressed 
in  a  lighter  tint  than  thnt  of  the  surrounding  parts. 

Negative  images,  may  Ik*  produced  in  a  still  more  simple  manner. 
Let  a  black  ruler,  about  one  inch  wide,  be  laid  upon  a  sheet  of  white 
paper,  and  looked  at  steadily  for  thirty  or  forty  seconds.  If  the  ruler 
be  now  suddenly  removed,  the  eye  remaining  fixed,  its  image  will 
appear  as  a  bright  baud  upon  the  paper,  gradually  fading  as  the  retinal 
sensibility  becomes  cfpjalized. 

The  sensibility  of  the  retina  may  )ie  separately  increased  or  dimin- 
ished for  different  colors.  If  a  black  ruler  Ik  laid  upon  a  blue  cloth, 
on  taking  it  away  a  band  appears  in  its  place  of  a  more  intense  blue 
than  the  rest ;  and  if  placi^d  upon  a  red  cloth,  its  negative  image  is 
of  a  remarkably  pure  red,  th«*  remainder  appearing  of  a  dull  brown. 
But  parts  of  the  retina  which  have  been  fatigued  by  the  continued 
impression  of  one  color  are  njorc  sensitive  to  rays  of  the  complemen- 
tary hue;  since  the  latter  have  been  for  a  certain  time  excluded.  A 
atrip  of  red  paper,  placed  on  a  white  ground  and  .suddenly  removed, 
leaves  an  image  which  is  bluish-green  ;  and  a  green  one  leaves  an  image 
with  a  tinge  of  red.  The  light  from  the  white  ground  really  contains 
all  the  colors;  but  an  eye  whith  has  become  less  sensitive  to  green  rays 
will  receive  an  impression  in  which  the  red  predominates,  and  vice 

Owing  to  the  variable  sensibility  of  the  retina,  according  to  exposure, . 
an  object,  under  some  conditions,  is  most  easily  perceived  by  indirect 
vision.  It  often  happens  that  a  small  and  feeble  star  may  be  momen- 
tarily perceived  by  looking,  not  directly  at  it,  but  at  some  point  in  its 
immediate  neighborhood.  The  star  is  not  seen  distinctly  under  these 
circumstances,  because  it  is  out  of  the  line  of  direct  vision.  But  its 
light  falls  upon  a  part  of  the  retina  near  the  fovea  centralis,  where  the 
sensibility  is  more  acute  than  usual,  owing  to  its  previous  exposure 
only  to  the  dark  sky ;  while  the  fovea  itself,  which  has  been  receiving 
in  succession  the  images  of  various  stars,  is  comparatively  deficient  in 
sensibility.     When  the  visual  axis  is  turned  directly  upon  the  faint 
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Btar,  in  order  to  get  a  distinct  view,  its  light  disappears     It  can  ooly 
be  seen  as  an  evanescent  object  by  indirect  viBion. 

Sense  of  Hearing. 

By  the  senfie  of  hearing  we  receive  the  impresaions  of  sonnd, 
apprfcidte  their  intensity,  thftir  higher  or  lower  notes,  and  their  quality, 
thsit  is,  the  dinTerent  character  of  sounds  of  similar  pitch  and  Intensity, 
produced  Ijy  different  means,  as  by  reeds,  strings,  or  wind  instruments, 
or  the  concussion  of  solid  or  liipiid  bodies.     Our  idea  of  t'me,  or  the 
succession  of   events,  seems  also  pspecially  connected  with    ■ 
sensations.     Impressions  received  iu  this  way  depend  on  the  vi; 
excited  in  the  atmosphere  by  sonorous  bodies,  which  are  theniselvMj 
already  in  vibration.     These  undidations,  when  eommunicatcd  to  tb«l 
auditory  apparatus,  produce,  through  it,  the  sensation  of  sound. 

Organ  of  Hearing. — The  organ  of  hearing  consists  of,  first,  the  exter^l 
nal  ear,  a,  trumpet-shaped  expansion,  which  collects  the  sonorous  im-^ 
pulses  coming  iVom  various  quarters,  and  conducts  them  into  it*  tuba- 
lar  continuation,  the  external  auditory  meatus;  secondly,  a  mem  hranous  J 
sheet  or  drum-head,  the  membrana  tympani,  stretched  across  the  audi- 
tory  meatus,  by  which  the  vibrations  are  received  and  transmittedJ 
through' the  chain  of  bones  in  the  tympanum,  to  the   lah\trinth,  ocj 
internal  ear ;  a  cavity  in  the  petrous  portion  of  the  temporal  bone,  eoa- 
taining  various  membranous  sacs  and  canals,  upon  which  are  distributed! 
the  filaments  of  the  auditory  nerve. 

Thus  the  terminal  ex|iansions  of  the  auditory  nerve,  deeply  concealed] 
in  their  bony  cavitie.-^,  and  susiaiiied  by  the  surrounding  fluids,  whilel 
protected  from  all  other  meehanical  impressions,  are  so  placed  as  to' 
receive  the  impulse  of  sound. 

External  Ear. — The   external   ear   is   a   cartilaginous    framework, 
covered  with  integument,  and  more  or  less  movable  by  various  muscles, 
which  turn  it  in  various  directions.     In  man,  these  muscles  are  nearlf-^ 
inactive  ;  though  in  exceptional  cases  they  can  produce  a  partial  slidiog 
or  rotatory  movement  of  the  ear.     In  most  quadrupeds,  on  the  other 
hand,  the  movements  are  vigorous  and  extensive,  and  greatly  aid  in- 
the  sense  of  hearing,  by  emibliiig  the  organ  to  catch  distinctly  the  Botuj 
orous  vibrations,  from  whatever  quarter  they  come.     They  also  serve 
to  indicate  the  direction  of  a  sound,  since  the  animal  ascertains,  by, 
placing  the  ear  in  different  positions,  the  region  from  which  it  is  receivf 
with  greatest  distinctness. 

Membrann  Tyvipani  and  Chain  of  Bones. — The  membrana  tympanl 
is  a  circular  fibrous  sheet  not  more  than  0.05  millimetre  in  thickness, 
but  quite  strong,  consisting  of  circular  and  radiating  tendinous  fibres^ 
with  a  trace  of  iutermingled  elastic  tissue.  Its  outer  and  inner  suriiues 
respectively  are  covered  by  thin  continuations  of  the  integument  of  the 
external  auditory  meatus,  and  of  the  lining  membrane  of  the  tympanic 
cavity;  and  the  three  layers  combined  form  a  membrane  about  0. 10 
millimetre  in  thickness. 
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In  its  natural  position  the  membrane  is  drawn  inward,  by  Ub  attach- 
ment to  the  malleus,  in  such  a  way  as  to  present  a  funnel-shaped  depres- 
sion, the  deepest  point  of  which  corrt^^^ponda  to  the  end  of  the  handle 
of  the  malleus,  AccordJug'  to  Ilehuholtz,*  the  sides  of  this  depression 
are  convex,  somewhat  like  the  inner  surface  of  the  blossom  of  a  raorning- 
jK^ory.  It  is  only  along  a  line  corresponding  to  the  handle  of  the 
malleus,  that  the  meridian  of  the  fuunel  is  a  nearly  straight  line ;  else- 
where the  radial  fibres  of  the  uitmbrane  are  eurvod,  with  their  convexi- 
ties toward  the  external  auditory  meatus. 

As  the  only  attachment  uf  the  membrana  tympani.  except  at  its 
Ijorder,  is  to  the  handle  of  the  malleus,  any  movement  of  this  bone 
inward  will  draw  the  membrane  in  the  same  direction,  deepen  its  cen- 
tral depression,  and  put  its  fibres  upon  the  stretch.  On  the  other  hand, 
if  the  membrane  be  forced  outward,  it  will  draw  the  handle  of  the 
malleus  with  it ;  and,  finally,  if  the  elastic  and  muscular  attachments 
generally  be  in  equilibrium,  any  movement  of  the  membrane  will  be 
followed  by  a  corresponding  change  of  position  in  the  malleus. 

This  is  the  physiological  action  of  the  membrana  tymjmni.  From  its 
thinness  and  tension,  and  from  its  position  at  the  bottom  of  the  external 
auditory  meatus,  it  enters  into  vibration,  under  the  impulse  of  sounds 
from  the  exterior,  and  communicates  its  movement  to  the  handle  of 
the  malleus  at  its  inner  surface. 

The  chain  of  bones  consists  of  three  ossicles,  articulated  with  each 
other  by  their  extremities,  and  ftirming  a  zipzap:  line  of  jointed  levers 
across  the  cavity  of  the  tympauum.  They  are 
known  respectively,  from  thfir  configuration, 
as  the  "malleus,*'  "incus,"  and  "stapes,"  or 
the  hammer,  the  anvil,  and  the  stirrup.  The 
malleus  is  about  nine  miHimetres  in  length,  of 
which  a  little  more  than  one-third  is  occupied 
by  the  rounded  head  and  the  neck,  and  a  lit- 
tle less  than  two-thirds  by  the  comparatively 
straight  and  tap<'rjitg  handle.  Its  very  slender 
lateral  process  projects  in  a  nearly  horizontal  direction  from  behind 
forward  in  the  natural  position  nf  the  bone.  The  handle  is  the  only 
part  of  the  malleus  adherent  to  the  membrana  tympani,  the  neck  cor- 
responding to  the  upper  border  of  this  membrane,  while  the  head  pro- 
jects above  it,  lying  comparatively  free  in  the  tympanic  cavity.  It  is 
maintained  in  position  by  thin  ligamentous  bands  from  the  bony  wall 
of  the  cavity  inserted  into  its  head  and  neck,  and  by  the  tendon  of  the 
internal  muscle  of  the  malleus  or  "  tensor  tympani/'  The  action  of  this 
muscle  is  to  draw  the  handle  of  the  nudieus  inward,  tightening-  the 
membrana  tympani,  and  rotating  the  head  of  the  bone  slightly  ont- 
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ward.     When  in  movement,  the  malleus  oscillates  about  a  nearly  hori- 
zontal axis  .situatpd  at  tho  jimction  of  its  handle  and  neck. 

The  head  of  the  malleiLs  is  articulated  with  the  incus  by  a  capeoltfj 
joint  Avith  double-inclined  t^nrfaces.     As  Helmholtz  has  shown,  thf 
surfaces  have  8uch  an  inclination,  that  when  the  handle  of  the 
is  drawn  inward,  they  lock  togt'ther,  and  the  incus  follows  the 
mcnt  of  the  malleus ;  but  when  the  latter  bone  is  drawn  outward,  tbej 
may  glide  upon  each  other,  without  necessarily  movin^r  the  inctis. 

The  third  bone  of  the  middle  ear,  the  slapes,  has  a  close  re-semblaooej 
in  form  to  its  no^mesake,  a  metallic  stirrup.     It  is  articulated  by  it 
ang-ular  extremity  to  the  end  of  the  long  arm  of  the  incus  in  a  nearij 
horizontal  position.     Its  oval  base  corresponds  in  forni,  and  nearly 
size,  with  the  fenestra  ovalis  of  the  bony  labyrinth,  in   which  it 

Fio.  T49.  inserted ;  bfing   adherent  bj 

its  surface  and   its  edges 
the   internal   periosteum 
the  labyrinth. 

The    stapes,    accordindyj 
forms  a  kind  of  movable 
or  piston-head  occupying  tfc 
fenestra   ovalis,   and    capabi 
of  transmittintr   to  the  fli 
of  the  la>tyrinth  the  iDipul 
received  from  the  meiul 
tympani :    The  extent  of 
ward  and  outward  moverocni 
of  the  base  of  the  stapes  hi 
been   determined    by    H< 
bolt^  in  the  following 
ner:  The  cavity  of  the  tjiik>j| 
pan  urn  and  that  of  the  vesti 
bu]e  having  been  opened  froe 
above,  the  point  of  a  fine  sewing-needle  was  insierted  into  tlie  fibroi 
covering  of  the  base  of  the  stapt\s  on  the  side  of  the  vestibule, 
the  needle  allowed  to  rest,  near  its  in.sertion,  upon  an  adjacent  cdgt;  oTj 
bone.     It  thus  formed  a  kind  of  index-lever,  which  w^ould  indicate  bj 
its  movement  very  slight  displacements  of  the  stapes,     Tho  staf 
was  then   prer!.sed  inward  and  outward,  as  freely  as  its  attachment 
would  allow,  either  by  direct  pressure  or  by  condensing  and  rarefy»J 
ing  the  air  in  the  external  auditory  meatus ;  the  force,  in  t'ho  lali 
«ase,  being  transmitted  through  the  membrana  tympani  and  chain  of] 
bones.     The  movements  were  also  estimated  by  opening  the  superior^ 
semicircular  canal  of  the  labyrinth,  and  inserting  into  it  a  slender  glass 
tube  of  known  calibre,  a  portion  of  which,  as  well  as  the  vestibule,  was 
filled  with  water ;   any  inward  pressure  being  indicated  by  a  corre- 
sponding rise  of  the  water-level  in  the  tube.     The  movement  of  Um 
stapes,  in  these  experiments,  varied  from  .025  to  .072  millimetre. 


fiiuirr  Tkmfubai.  Bonk  of  the  uew-liorn  iijfiuit,9c<<i) 
(roiu  ibt  inner  side;  ahuwUig  the  tuetubrBiia  tym|tuii 
Aod  chain  uf  boaw  In  Uieir  luttural  poslUoD.  (KQ- 
dlnger.) 
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The  chanj^  of  position  of  the  stapes  in  the  fenestra  ovalia,  from 
impulses  received  throug:h  the  chain  of  bones,  is  not  a  simple  move- 
ment of  advance  and  recesjsion,  hut  a  rocking  motion,  in  which  its 
upper  border  is  tilted  back  and  forward.  Tbis  action  of  the  stapes 
depends  on  the  varyin^f  compactnesa  of  its  fibroas  attachments,  which 
allow  more  freedom  of  movement  above  than  below. 

The  position  of  the  stapes  is  also  reg'ulated  by  the  action  of  the 
stapedifta  muscle.  This  njiiscie,  \hv  smallest  in  the  body,  arises  from 
a  bony  canal  Ijehind  the  tympanum  ;  its  slender  tendon  passings  almost 
directly  forward  to  be  inserted  into  the  neck  of  the  stapes,  near  its 
articulation  with  the  incuB.  Its  contraction,  therefore,  draws  the 
an^e  of  the  stapes  back\vard,  and  ita  anterior  extremity  outward 
from  the  fenestra  ovalis. 

Fhyaioloqical  Action  of  the  Bones  and  Muscles  of  the  Middle  Ear. 
— ^The  cavity  of  the  tympanum  is  an  Irregularly  sha|)ed  space,  across 
which  the  vibrations  received  by  the  membrana  tympani  are  trans- 
mitted by  the  chain  of  bones.  In  their  natural  position  and  with  their 
tendinous  connections  undi.slurlK'd,  these  bones  are  in  such  close  con- 
nection with  each  other  that  they  vibrate  as  a  single  body. 

The  action  of  the  internal  njuscle  of  the  malleus,  or  tensor  tympani, 
is,  no  doubt,  as  its  name  indicates,  to  increase  the  tension  of  the  mem- 
brana tympani.  It  has  long  l>een  known  that,  after  opening  the  cavity 
of  the  tympanum  and  the  canul  in  which  this  muscle  is  lodged,  by  trac- 
tion upon  its  tendon  the  memhrana  tympani  U  rendered  more  tense; 
and,  ac^'ording  to  HelmhoUz,  all  the  ligaments  holding  the  ossicles  in 
place  are  at  the  same  time  put  upon  the  stretch. 

The  effect  produced  upon  hearing  by  increased  tension  of  the  mem- 
brana tympani  has  l^een  variously  interpreted,  Savart,*  who  first 
studied  systematically  Wie  vibration  of  strL-tcht'd  membraues  induced 
by  the  proximity  of  sounding  bodies,  estimated  its  extent  from  the 
agitation  of  6ne  sand  sprinkled  on  the  membranes ;  and  found  it  less 
pronounced,  other  things  being  ecjual,  when  the  tension  of  the  mem- 
brane was  increased.  H-  applied  the  s^nme  method  to  the  membrana 
tympani  of  man  and  aninvats,  and  found  that  sand,  sprinkled  on  its 
surface,  could  be  thrown  into  agitation  by  holding  near  it  a  sounding 
body,  and  that  these  phenomena  were  less  easy  of  production  when  the 
membrane  was  rendered  mure  tense  by  traction  on  tlio  l«msor  tympani. 
He  concluded  that  during  life  the  ear  is  more  susceptible  to  sounds  of 
a  given  Jntensity  when  the  membrana  tympani  is  relaxed  than  when 
it  is  on  the  stretch ;  and  that  the  tensor  tympani,  accordingly, 
exerts  a  protective  action  by  lessening  the  apparent  intensity  of 
loud  sounds. 

But  this  observer  was  not  aware  of  an  important  fact  established 
by  subsequent  investigations,  namely,  that  stretched  membranes^  like 
cords,  cannot  respond  indiscriminately  to  sounds  of  every  tone,  but 
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only  to  a  certain  number  of  tones,  separated  by  de finite  <n/enjal«,** 
aod  that  they  uill  regpoud  to  a  different  set  only  after  their  tension  Bm 
been  inertastd  or  diiniiiishfd.  In  order,  therefore,  that  n  membrane 
may  be  easily  thrown  into  induced  vibration,  its  t«?nsion  mast  corre* 
Bpond  in  a  certain  ratio  with  the  tone  of  the  sounding  body. 

These  considerations  have  induced  a  different  view  of  the  teoMT 
tympani  as  modifying  the  sensations  of  sound.     With  the  membrftoe 
in  a  state  of  moderate  tension,  a  certain  number  of  tones  only  are  di.*- 
tinctly  appreciated,  the  remainder  Ijcing  either  inaudible  or  indlstioct. 
[This  is  the  state  in  which  sounds  are  generally  perceived,  without 
exact  appreciation  of  their  relative  pitrh.     But  when  the  ear  follow* 
a  succession  of  tones,  or  when  it  listens  for  a  jHirticular   note,  th« 
tension  of  the  membrane  is  so  increased  or  <liminishcd  as  to  transmit 
the  vibration  with  the  {j^reatest  distinctness.     With  rejrard  to  modifica- 
tions in  the  apparent  intensity  of  sound,  it  is  probable  that  Savart's  - 
explanation  holds  g<iod ;   and  thnt  a  diminished  tension  of  the  mem- 
brane  enables  the  ear  to  catch  more  readily  sounds  which  are  faint  j 
or  distant.     This  partial  relaxation  is  accomplished  by  the  stapedius 
muscle,  which  is  animated  by  a  filament  of  the  facial  nerve,  and  isi 
therefore  more  directly  under  the  control  of  the  will ;  while  the  tensorj 
tympani  is  sup|>lie<l  from  the  otic  ganglion  of  the  synipathetie,  and  il 
involuntary  in  its  action. 

The  cavity  of  the  tympanum  coranmnicates  with  the  pharynx  byl 
the  Endaohian  tithf.     The   existence  of  this  canal  secures  equalitf 
of  atmospheric    pressure  on    both    sides  of  the   membrana    tynipanU 
a  condition  essential  to  its  free  vibration  under  sonorous  inipulseij 
The  external  barometric  pressure  varies  from  time  to  time ;  and  if  tl 
middle  ear  were  a  closed  cavity,  this  variation  would  of  itself  chasl^ 
the  tension  of  the  membrana  tympani  ami  interfere  with  its  functioiu| 
Although  the  walls  of  the  Eustachian  tuljc  are  habitually  in  cont 
with  each  other,  they  readily  yield  to  atmospheric  pressure  in  dlh€ 
direction,  and  thus  reestablihh  the  ocjuilibriiim  between  the  outer  ai 
and  the  cavity  of  the  tympannm. 

Lab(/rinfh, — The  internal  ear,  or  ]al»yrinlh,  so  called  from  the  conh 
plicated  extension  of  its  cavities,  is  situated  in  the  petrous  portion  ofj 
the  temporal  bone.     It  may  be  divide<l   into:    1.  The  vestibule  ai 
6emicirc(iJar  ranah,  which  constitute  its  most  essential  parts  and  ar 
present  in  all  verteJ>rttte  animals ;  and  2.  The  mchlea,  which,  in  mai 
and  the  mammalia,  is  a  more  highly  developed  portion,  but  which 
absent  in  the  fishes  and  naked  reptiles,  and  only  partially  developed  \t 
scaly  rejttiles  and  in  birds. 

The  restibul<'  (Fig.  150,  ,)  is  so  called  because  its  cavity  is  that  int 
which  the  fenestra  ovalia  immediately  opens,  and  which  leads  to  tl 
semicircular  canals  and  cochlea.  It  has  an  ovoid  form,  and  present 
on  the  side  toward  the  tympanum,  two   openings,  namely :    1.  Tl 


•  DagiiUi,  Trnit^  ^l^metitaire  de  Physique.    Paris,  1867,  tome  L,  p.  59d, 
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Bony  LABYRrNTH  of  tuc  IIcmam  £ab,  l«ric« 
the  naturtit  «i«B.— 1.  Vestibule.  2.  Superior 
rertUii.1  «L<inicinniljir  canal.  H.  Inferior  Tiir> 
tical  i-einirirc-ular  canal.  4.  IIorlionlAl  a«tul- 
cireulur  oanat.  5.  Ft>n(>Atra  oralU.  6.  Feuot- 
tr»  rotunda.    7.  Cochlo*. 


fenebtra  oralis  Tj),  corresponding  in  form  to  ihn  ba-so  of  the  stapes, 
which  nearly  fills  it,  and  which  is  adherent  to  the  internal  periosteum 
of  the  labyrinth ;  and  2.  The  fenes-  ^j^  j^ 

tra  rotunda  (,)  of  smaller  size  and 
closed  by  a  fibrous  membrane.  Thf 
posterior  portion  of  the  vesstibulc 
gives  origin  to  the  throe  fieniicinru- 
lar  canals,  namely  :  1.  The  superior 
vertical  canal  (,)  with  itH  piano 
lying  across  the  longitudinal  axis  of 
the  j)etrons  bone.  2.  The  inferior 
vertical  canal  (,)  the  plane  of  which 
is  parallel  with  the  median  surface 
of  the  j>etrous  bone ;  and  3,  The 
horizontal  canal  (,)  lying  acrosus  the 
axis  of  the  petrou.s  bone,  in  a  hori- 
zontal plane.  Each  semieircular  ca- 
nal opens  into  the  vestibule  by  two 
orifices,  ono  at  each  end ;  except  tliat  the  two  vertical  canals  unite  at 
one  extremity  into  an  orifice  conininn  to  both.  Each  canal  isi  enlarged 
at  one  extremity,  where  it  foinn  the  vestibule,  into  a  rounded  dilatation. 

This  part  of  the  bony  labyrinth  contains  a  colorless  fluid — the  peri- 
lymph, and,  in  addition,  a  membranous  !*ac,  also  filled  with  fluid,  which, 
by  its  prolongations,  repeats*  the  form  of  the  vestibule  and  .«iemicircnlar 
canals.  This  sac,  with  its  extension  in  the  cochlea,  constitutes  the 
m&mbranous  labyrinth.  It  forms  the  most  important  part  of  the  ia- 
ternal  ear,  since  in  its  walls  the  filaments  of  the  auditory  nerve  have 
their  terminal  distribution. 

In  the  vestibule  the  membranous  sac  is  divided  into  two  parts  by  a 
transverse  partition.  One  of  these,  the  smaller  of  the  two,  is  the  sac^ 
cuius,  a  spherical  vesicle,  a  little  over  1.5  millimetre  in  diameter,  occu- 
pying the  anterior  and  inferior  portion  of  the  vestibule,  and  communi- 
cating by  a  narrow  canal  with  the  ductus  c«>chlearis  of  the  cochlea. 
The  other,  or  larger  sac,  is  the  utricle,  of  ellipsoid  form,  measuring 
3,5  millimetres  in  its  long  diameter.  The  utricle  and  the  membranouB 
semicircular  canals  communicate  with  each  other  in  the  same  way  as 
the  bony  cavities  in  which  they  are  lodged;  utid  each  membranous 
canal  presents,  at  one  extremity,  a  rounded  dilatation,  known  as  the 
"ampulla.'' 

The  membranous  sacs  ftnd  canals  ar^  considerably  smaller  than  the 
osseous  cavitii's  which  contain  them,  and  i>ccupy  nearly  everywhere 
an  eccentric  position,  being,  at  certain  points,  adherent  to  the  internal 
periosteum,  while  nt  ntliers  they  are  surrounded  by  the  perilymph. 
The  sacculus  and  utricle  together  occupy  al>out  twi>thirds  of  the  cav- 
ity of  the  vestibule  ;  and,  according  to  Riidinger,  are  so  placed  that 
neither  touches  tho  base  of  the  stapes  at  the  fenestra  ovalis,  from  which 
they  are  separated  by  an  appreciable  layer  of  fluid.    Thus  sonorous  im« 
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pulses  reach  the  membranous  labyrinth,  not  directly  from  the 
but  through  the  intermediate  vil>ration  of  the  perilymph. 

Tlw  maiii  i*oint  of  interest  in  rogard  to  the  membranous  labyrinth 
relates  to  ihc  dintribufion  and  iennination  of  the  auditory  uerve. 

Tlie  auditory  nerve  sends  to  the  vestibule  two  branches ;  one  iWn' 
tribuied  to  the  Bacculus,  the  other  to  the  utricle  and  ampuUx.  The 
[mode  of  tenuination  of  the  nerve  fibres  in  both  divisions  is  e^seotiallf 
the  same.  They  are  not  distributed  generally  over  the  membrnne,  liul 
terminate  in  wttl-dofiued  ppotn,  characterize*!  by  a  thickening:  of  the 
membranous  wall,  and  by  a  peculiar  form  of  epithelium  prorided  with 
stiff,  pointed  cilia — the  so-called  audifory  hairs. 

In  the  gacculus  and  in  the  utricle,  the  terminal  nervo  spot,  or  "mao* 
ula  auditiva,"  is  an  oval  plate,  3  niillinietres  by  1.5  in  the  sncculu?, 
and  3  milUniotretJ  by  2  in  the  utricle.     Itj  the  ampullfc,  it  forms  a  tran;*.] 
verse  fold  of  the  membranous  wall,  projecting-  inward  like  the  valvuto 
conniventes  of  the  small  intestine,  but  occupying  only  about  one-third | 
of   their  circuinftrrenct'.     Elsewhere,   the  sacs  are  lined,  according  taj 
Kijlliker,  by  a  yingle  layer  of  pavement  epithelium  eeUs.     But  at  thai 
spots  in  question  the  epithelium  is  twice  or  three  times  as  thick  as  in 
the  renifaining  portions,  and  con.«ist8  of  elongated  cylindrical  and  fusi- 
form cells.     It  alstt  presents,  standing  upright  upon  its  surface,  the  cilia,  I 
or  auditory  hairs,  which  in  man  arc  about  25  mmm.  in  length.     The] 
terminal  fibres  of  the  auditory  nerve,  which  pass  toward  these  thick^^ 
ened  i^pots.  may  Ik*  traced,  according  to  all  recent  observcre,  into  \h$] 
ejjithelial  layer;  and  certain  appt-arunces  give  rise  to  the  snppo.^itioaj 
that  the  axis-cylinder  of  eudi  fibre  i.s  prolonged  through  a  fusifor 
epithelium  cell,  «nd  projeet*.  in  the  form  of  an  auditory  hair,  from  it 
free  extremity.     This  is  inferred  maiidy  from  ihe  similarity  in  appeal 
ance   iH-twccn  the  axiH-cytinder  of  the  nerve  fibres   and    the 
downward  prolongation  of  the  fusiform  celb ;  and  from  the  foct 
both  structures  are  stained  blackish  or  brown  by  osmic  acid  (Rtidingerj 
However  this  may  be,  there  is  no  doubt  that  the  projecting  cilia,  eiihe 
merhiiriirrally  or  by  nervous  sensibility,  receive  and  transmit  the  80doIv| 
ous  vibrations  of  the  surrounding  fluid. 

A  remarkable  feature  connected  with  the  auditory  spot«i  of  the 
cuius  and  utricle  is  the  so-called  otoconia,  or  ear  sand.     This  consi^ 
of  calcareous  grains,  enibi-ddrd  in  a  gelatinous  material,  and  forminf 
a  white,  chalky-looking  layi-r  inuuediately  over  the  auditory  spot.    Th 
grains  are  rounded,  elongated,  or  prismatic  and  crystalline  in  form] 
the  largest  nu-asuring,  according  to  KoUikrr,  about  10  mmm.  in  lengtl 
Their  exact  ofhce  is  unknown,  but  it  is  evident,  from  their  conf^tanf 
existence  in  this  situutioti  in  dilferent  uainials,  that  they  have  som« 
important  relation  to  the   sense  of  hearing.     In  man,  mammalhini 
and  birds  they  are  pulverulent.     In  reptiles  and  fish  they  are  somf 
times  of  friable  concretions,  sometimes  roundrd  masses,  hard  and  dens 
as  porcelain.  Accordinglo  Wagner,  they  are  completely  ai:>sent  only  in  ll 
cyclostomi,  or  fishes  of  the  lowest  order,  including  the  lamprey  and 
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Phymological  Action  of  the  Membranous  Labyrinth. — The  sacculus 
aud  utricle  are  tufinbraiious  Ibrniations  suspeuUcd  in  the  fluid  of  the 
vestibule  and  supplied  by  fibres  Lif  tlie  auditory  ntrve.  Thoy  art*  the 
essential  parts,  iu  the  auditory  apparatus,  lor  the  reception  of  sonorous 
impressions.  The  vibrations  of  the  atmosphere,  communicated  to  the 
membrana  tympani,  are  thence  transmitted  through  the  malleus,  incuit, 
And  jstapois.  From  the  base  of  the  stapes  they  pass  to  the  p^'rilymph 
\^  tlie  vestibular  tavity  ;  thence,  throug-h  the  wall  of  the  membrunouti 
BBC,  to  the  indolymph  or  fluid  in  its  interior;  and  the  vibration  of  this 
internal  fluid  acts  upon  the  nervous  terminations  at  the  auditory  spot. 
It  is  thui>,  throu>,'^h  a  series  of  intermediate  vibrations,  that  sounds 
coming  from  without  finally  produce  their  impression  on  the  internal 
ear. 

Ojffice  of  the  Semicircular  Canals. — These  singular  apitendagea 
have  attracted  speeiul  attention,  owing  to  the  eonstauey  of  their  tK*cur- 
rence  and  the  peculiarity  of  their  position.  The  principal  features  of 
their  anatomical  history  are  the  following : 

1.  They  are  always  present,  as  portions  of  the  internal  ear,  in  mam- 
Kans,  birdii,  and  reptiles,  and  nearly  always  in  fish ;  btrmg  entirely 

?nt  only  iu  amphioxus,  where  there  is  no  organ  of  hearing  what- 
ever. 

2.  They  are  always  three  in  number.  The  only  exception  to  this 
rule  is  found  among  fishes,  in  the  lamprey  and  the  hag;  where  the 
entire  structural  development  is  very  incomplete,*  In  the  lamprey 
there  are  tAvo,  and  in  the  hag  only  one,  the  cavity  of  which  is  con- 
founded with  that  of  the  utricle,  forming  a  ring-like  membranous  canal. 

3.  The  canals  stand  in  three  different  planes,  per]>endicular  to  each 
other.  One  is  vertical  and  lougitudiuiji,  in  relation  to  the  petrous  bone  ; 
another  vertical  and  transverse;  and  the  third  transverse  and  horizon- 
tal. They  represent  accordingly,  by  their  position,  the  three  dimen- 
Bions  of  space ;  and  from  this  circumstance  it  has  been  surmised  that 
they  serve  to  indicate  the  direction  from  whieh  sounds  are  jKTceived. 
But  subsequent  researches  have  yiekb'd  nothing  to  corroborate.*  this 
view;  and  it  is  evident,  furthermore,  that,  from  whatever  quarter 
sounds  may  originally  come,  they  must  reach  the  internal  car,  through 
the  membrana  tymjuini  and  chain  of  bones,  by  the  same  course. 

Lastly,  an  essential  point  in  the  structure  of  the  semicircular  canals 
ia  that  they  are  destitute  of  nerve  fibres,  and  consequently  wanting 
in  sensibility.  The  unly  nervous  distribution  connected  with  tbem  ia 
that  to  the  ampullw  at  their  extremities,  but  no  fibres  extend  to  the 
canals  themselves.  Their  function  must  therefore  in  all  probability 
be  of  a  mechanical  or  physical  nature. 

In  e3q)erimenting  upon  the  Internal  ear  in  animals,  it  has  been  re- 
marked that  division  or  injury  of  the  semicircular  canals  is  followed 

*  Owen,  Anatomy  of  the  Vertebratea.  London,  18<t8,  toL  Ui.,  p.  282.  Wagiirr, 
Compamtive  Anatomy  uf  the  Vertebrate  Animala,  Tulk'i  trarutlalion.  New  York, 
1845,  p.  227. 
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by  a  singular  affection  of  the  posture  and  voluntary  movements,  indi- 
cating disturbance  of  e(iuilibriuiu.     These  phenoiucna  were  first  made 
known  by  Flourpns  in  1826,*  and  have  been  witnessed  by  many  suIj-1 
sequent  olw^^ervers.     They  an*  not  eijilained  by  oil  in  the  fiarae  way, 
but  there  if*  little  di«(Tepancy  in  rejirard  to  their  eharaet<>r  and  details. 
The  exposure  of  the  seiuicircuhir  canals  dui'ing  lifi*  is  impracticable,  aaj 
a  rule,  in  the  mammalia,  owing  to  the  density  of  the  petroos  bonejl 
but  it  can  be  done  withcmt  much  difficulty  in  birds,  where  they  ar*! 
surrounded  by  spongy  osseous  tissue.     The  pigeon  has  been  tnosJt  fipe-j 
quently  used  for  this  purpose. 

The  most  striking  ami  constant  effect  from  injury  of  the  semicirculjir  j 
canals  con^istB  of  abnoruinl  oftcillatory  moveraentft  of  the  head,  with 
iiuperfect  biiliincing  of  the  body.     These  phenomena  vary  acj'ording" 
to  the  canal  which  has  been  divided.     If  it  be  a  vertical  cnrial,  the! 
oscillation  of  the  head  is  upward  and  downward ;  if  it  be  a  horizontalj 
one,  the  o.seillations  are  from  left  to  right,  and  trice  ver^d.      If  the  etir- 
responding  canal  on  both  .sides  be  divided,  the  abnormal  movenienlsj 
are  more  rapid  and  continuous  than  if  the  iiyurv  be  inllicUHj  on  on» 
alone.     The  animal  i.s  still  capable  of  preserving  bl.*i  equilibrium  wheal 
at  rest ;  but  any  attempt  at  movement  brings  on  a  disordered  actional 
which  makes  walking,  running,  or  flying  difficult  or  imiK>ssible.     Th« 
mo8t  simple  interpretation  of  these  results  is  that  the  animal  can  noj 
longer  appreciate  the  position  of  the  head,  and  that  the  senao  of  eqal 
librium  i.s  con!*equently  impaired  for  the  body  and  limbs. 

The  nmnner  in  which  the  seinieircular  canals  miiy  contribute  to  ll 
sense  of  equilil>rium   is  as  follows:  If  a  goblet,  filled  with  water, 
turned  round  its  vertical  axis,  it  will  l>t<  stien  that  the  water  does  nol 
readily  turn  with  it;  and  any  small  objects  suHpended  in  it,  or  floatin| 
upon  its  surface,  will  reniHiti  in  nearly  the  same  position,  while  tin 
gablet  revolves  through  un  entirn  circle.     The  adhesion  of  the  fluid  W 
the  glaf>8  surfaces  is  not  sufficient  to  communicate  to  it  at  once  tl 
motion  of  the  vessel.     Consequently  the  water  lags  behind  the  glas!«j^ 
and  if  any  projecting  object  were  eementfd  to  the  inside  of  the  j>oblet,j 
so  as  to  turn  with  it,  it  would  be  subjected  to  a  backward  preset 
wheneviT  the  goblet  was  put  in  rotation. 

Somewhat  similar  conditions  are  present  in  the  semicircular  canal 
Whenever  the  liend  is  rotated  from  side  to  side  in  a  horizontal  plane,  i 
momi'utury  increase  of  pressure  must  take  place  in  the  fluid  of  il 
horizontal  semicircular  cannl  (Fig,  150. ,),  either  toward  or  from  tl 
ampulla  at  one  end;  and  this  increase  or  diminution  of  pressure  maj 
be  [Kereejitible  by  the  nervous  expansions  there  situated.  If  the  befl 
Ix"  moved  upward  or  downward,  a  corresponding  change  of  pressui 
will  take  place  in  the  inferior  vertical  canal  (Fig.  150, ,) ;  and  if  it 
inclined  laterally,  toward  the  right  or  left,  the  superior  vertical  canal 


*  Recherches  Kx|>4rimentiilefl  mir  lea  Propri^t^  et  les  Fonvtioufl  da  Sjstim* 
JH&nr&ix,  2me  fidilion.    Paris,  1842,  pp.  452,  454. 
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(Fig.  150,  i).  will  experience  a  similar  variation.  Thus,  although  the 
membrauous  semicircular  canals  be  not  themselves  sensitive  to  press- 
ure, they  may  .serve  as  ohaiiuels  for  conducting  an  impulse  to  the 
sensitive  organs  in  their  am|mllic.  The  configuration  of  tlte  nervous 
expansions  in  the  ampulla)  seems  especially  adapted  for  this  purpose, 
since  they  are  arranged  in  the  form  of  transverse  crescentie  foltis. 
In  the  sacculus  and  utricle,  on  the  other  hand,  they  are  simply  flattened 
prominences  on  the  sui'face  of  the  membrane. 

If  it  be  asked,  why  an  apparatus  for  appreciating  equilibrium  shoald 
be  associated  with  the  organ  of  hearing,  it  may  be  remarked  that  in 
the  auditory  labyrinth  alone  there  are  sensitive  nerve  fibres  distributed 
to  an  epithelium  provided  with  hair  cells,  and  surrounded  by  a  watery 
fluid;  conditions  which  are  especially  suitable  for  the  perception  of 
variations  in  pressure,  and  consequently  for  that  of  changes  in  posi- 
tion. 

Cochlea. — The  cochlea,  so  named  from  its  resemblance  to  a  snail- 
shell,  is  a  spiral  bony  canal  making  two  or  three  turns  about  a  central 
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axis,  with  its  apex  directed  forward,  downward,  and  outward-  It  is 
divided  longitudinally  by  a  thin,  bony  partition,  the  spiral  lamina, 
which  winds  round  its  axis,  following  the  spiral  turns,  but  presenting 
externally  a  fret>  border. 

From  this  border  a  fibrous  membrane,  the  membrana  basilaria, 
extends  outward  to  the  external  wall  of  the  cavity ;  thus  forming  two 
parallel  passages,  one  above  the  other.  The  up|)er  passage,  which 
communicates  at  its  base  with  the  vestibule,  is  the  ecala  vestibuli. 
The  lower  reaches  to  the  fenestra  rotunda,  where  the  membrane, 
Stretched  across  this  opening,  separates  its  cavity  from  that  of  the  tym- 
panum;  it  is  accordingly  known  as  the  svnla  tympani.  At  the  apex 
of  the  cochlea  a  minute  orifice  of  communication  l)etween  the  two  canals 
has  boeD  described  by  some  writers,  and  doubted  by  others.     Accord- 
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ing  to  Buck,*  it  is  probable  that  no  such  opcniDg  exiets  in  the  n«t 
condition  of  the  parts,  unless  it  l>e  microscopic  in  size.     But  whether' 
the  canaLs  communicate  ur  not  at  this  point,  the  partition  Ix-tween  thcta 
is  partly  uienibranouri  throughout;  and  by  this  lufan.s  any  increaeie  iif' 
diniiuuiiou  of  prcsnurc  at  the  fenestra  ovalis  will  be  transmitted,  throijuii 
the  seala  vcstibuli  and  scala  tynipani,  to  the  membrane  of  the.fcnc«tr4, 
rotunda.     This  provides  therefore  for  the  movenieut  of  the  stapes,  n«t- 
withstandiujLT  tlie  iueoniprcssible  nature  of  the  fluid  of  the  labyrinth. 

But  the  septum  formed  by  the  spiral  lamiua  aud  membrana  basilarigl 
is  not  the  only  Inngiiudiual  partition  in  the  cochlea.     The  scala  vesli-j 
bull  is  also  divided  into  two  purailel  canals,  an  internal  and  an  external, 
by  a  thin  menibranous  sheet,  which  starts  from  the  upper  surface  of  lh«* 
spiral  lumiuii  near  its  outer  border,  and  extends  upward  and  uuiward 
to  the  exterual  wall  of  the  cochlear  cavity.     As  this  membrane  Icovps 
the  spiral  lamiua  at  an  anj^lc  of  45  or  50  decrees,  it  shuts  off  from  tbftj 
«cala  vestibuli  a  separate  canal  of  pri.^nmtif  form,  having  for  itj*  floor' 
the  membraua  basilaris,  tor  its  outer  wall  the  wall  of  the  cochlea,  aud 
for  its  upper  boundary  the  oblique  membranous  partition  above  dt«- 
Bcribed.     This  canal  contains  the  auditory  epithelium  aud  the  termioal 
fibres  of  the  auditory  nerve.     It  is  therefore  the  essential  part  of  thej 
cochlea,  and  is  termed  the  ductus  cochlearis. 

The  ductus  cochicaris  terminates  at  its  apex  by  a  blind  extremity ;] 
but  at  its  base  it  communicates,  by  a  narrow  channel,  with  the  cavit] 
of  the  gacculus.     Tt  is  consequently  an  extension  of  the  saceulus,  ai](i| 
part  of  the  membrauoii.s  labyrinth;  while  the  scala  veslibuli  bclong«j 
to  the  general  cavity  of  the  vestibule.     The  ductus  cochleuri.-^  may  be 
considered  as  a  tubular  prolongation  of  the  saceulus,  rolled  upon  iti#lf 
in  a  spiral  form,  and  held  in  po.silion   by  the  adjacent  parts  of  tbej 
cochlea.     Like  tlw  rest  of  the  nu^iibraiious  labyrinth,  it  is  filled  with] 
a  watery  fluid,  and  .surrounded  by  the  perilymi)h,  except  where  it 
adherent  to  the  walls  of  its  bony  cavity. 

Onjnn  of  Corti. — The  ductus  cochlearis  is  lined  with  pavement  epv 
thelium,  except  along  the  middle  of   the  membrana  basilaris,     Herel 
there  is  a  contitmous  elevated  ridge,  four  or  five  timt's  thickt-r  than  the 
epithelium  elsewhere,  consistinK  of  enlarged  and  modilied  epithelium^ 
cells,  and  containing  the  terminal  fibres  of  the  auditory  nerve.     Tl 
body  is  nanjed  the  orgnn  of  Corti.f  from  the  observer  by  w^hom  it  wi 
first  described.     It  is  justly  considered  as  the  most  remarkable  structurol 
in  the  internal  ear,  although  in  its  essential  features  analogous  to  the 
auditory  spots  of  the  saceulus  and  utricle. 

The  organ  of  Corti  rests  upon  the  upj>er  surface  of  the  membrana 
bftsilaris.  Its  franu'work  consists  of  a  scries  of  elongated.  rufter-Uk< 
bodies,  arranged  in  two  rows,  internal  and  external.     These  boiiies,  th«l 

*0n  the  Mech-onipni  of  Hearing.    Prize  Emaj  of  the  .\Iumni  Asaociation  of 
College  of  Pliysiciaiis  and  Surgeons,  New  York.     New  York  Medical  Journal,  Jun« 
1874. 

t  Zeilachrift  fur  wis.senflchafllicht>  Zuolugie.     Leipzig,  1861,  Band  Ui.,  p.  109. 
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inner  Mid  outer  "  fibres  of  Corti,"  nre  separated  below,  where  they  rest 
npnti  the  menibraua  basilariK,  by  n  conpiderable  interval;  but  their 
upper  extreniities  lie  in  contact  with  eaeh  other,  thus  forming  a  roof- 
like connection,  the  "  arch  of  Corti."  Near  the  arch,  the  epithelium 
ccWfi  increase  in  length ;  and  at  iti?  inner  border  there  is  a  row  of  f.ells 
nearly  as  lonp  as  the  innerniost  fibres  of  Corti,  and  in  a  similar  leaning 
position,  liearing-  upon  their  upi>cr  extremity  a  tuft  of  rigid  haira  or 
cilia.  On  the  outer  Iwrder  of  the  arch  there  are  three  such  rows  of  hair 
cells;  and  fn  every  instance  the  cilia  project  through  openings  in  a  sort 
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of  fenestrated  cuticle  extending  above  the  cells,  inward  and  outward, 
from  the  middle  of  the  arch. 

The  fibres  of  the  cochlear  branch  of  the  uuditory  nerve  are  lii^'tritiuicd 
to  the  orgau  of  Corti.  The  bundles  fnmiiniu:  this  branch  {wnetrate  the 
bai^eof  the  cochlea,  and  thence  pa.ss  upward.  throu]trh  its  axis,  diverging 
8ucces.«ively  in  a  horizontal  direction  between  the  two  layers  of  the 
spiral  lamina.  At  the  attached  border  of  the  lamina,  within  the  osseous 
canal,  there  is  a  linear  collection  uf  Itipolar  nerve  cells,  in  and  among 
which  the  fibres  pass,  and  with  many  of  which  they  are  connected. 
Thi^  forms  the  •'  spiral  ganglion  "  of  the  cochlear  nerve.  After  the 
fibres  have  passed  through  this  ganglion,  they  diverge  toward  the 
outer  border  of  the  spiral  lamina  and  the  meiubrana  basilaris.  At  this 
]K>int  they  diminish  in  si/e  wnd  lose  their  nndullury  layer;  after  which 
they  penetrate  into  the  ductus  cochlcaris,  and  reach  the  organ  of  Corti. 
Id  this  organ  their  termination  iu  the  epithelial  hair  cells  has  been 
most  positively  descril>ed  and  lijrured  by  Waldeyer.*  It  evidently 
represents,  in  the  ductus  cochlcaris,  the  especial  apparatus  of  auditory 
seneibility. 

Phi/niolofjical  Action  of  the  Cochlea. — The  cochlea,  no  doubt,  as  com- 
pared with  the  rest  of  the  internal  ear,  serves  for  the  precise  discrimi- 
nation of  minute  variations  in  sound.  Its  elongated  and  .«^|)iral  form, 
the  two  membranes  of  uniform  tension  which  inclose  the  ductus  coch- 
learis,  and  tbc  multiple  rows  of  hair  colls  in  the  organ  of  Corti,  all 
indicate  its  capacity  for  the  distinct  perception  of  sonorous  impulses. 
Its  analogy  of  construction,  in  some  respects,  with  stringed  musical 
instruments,  has  induced  the  belief,  in  many  physiologists,  that  it  is  the 


*  Stricker'a  Manual  of  Histologj,  Buck's  edilloD.    New  York,  1872,  p.  1040. 
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organ  by  which  we  appceciate  the  pitch  of  musical  Bounds.  According 
to  this  view,  the  radiatiug  fibres  of  the  niembrana  basilaris  are  attuned, 
by  their  length  aud  leusiou,  to  diflerent  notes  of  the  musical  seal**;  ami 
the  vibration  of  each  is  communicated  to  corresponding  hair  ct-IU  in 
the  organ  of  Corti,  thus  reaching  the  terminal  fibres  of  the  auditory 
nerve.  For  every  note  which  gains  admisfsion  to  the  internal  ear,  ouif 
certain  fibres  and  hair  cells  of  the  ductus*  cochlearis  are  thrown  into 
vibration,  nud  only  certain  fibres  of  the  cochlear  nerve  receive  a  gon<v 
rous  Impression.  There  is  certainly  an  apparent  similarity  betwt^o 
the  fibrous  aini  cultular  elements  in  the  organ  of  Corti  and  th©  rangpi 
of  strings,  capable  of  vibrating  to  different  notes,  in  aiiarp  or  pianit- 
forte ;  and  the  similarity  is  sufiieient  to  suggest  a  corresponding  aciioa 
in  the  two  cases. 

But  the  difficulty  in  attributing  to  the  cochlea  the  discrimination  of 
nmsical  notes,  licrt  in  the  fact  that  its  development  in  different  auimali 
docs  not  correspond  with  their  capacity  for  the  production  and  perwiv 
tion  of  musical  sounds.  The  cochlea,  under  the  form  which  it  presents 
in  man,  is  confined  to  the  mammalia.  In  birds  thia  part  of  the  sadi- 
tory  apparatus  is  an  obtu.nely  conical  eminence,*  containing  two  small 
cartilugtnous  cylinders  united  by  a  membrane  representing  the  mem- 
brana  l)asiluris;  and  the  purt  corresponding  with  the  organ  of  Corti 
contains  only  nerve  terminations  and  hair  cells  somewhat  resemhlinir 
those  of  the  inner  row  in  mammalia;  the  arch  of  Corti,  aud  the  three 
outer  rows  of  hair  cells,  with  their  euticuliir  covering,  l>eing  ab?«'nt. 
In  serpents  and  lizards,  the  cochlea  is  similar  to  that  of  birds;  wbilr 
in  the  naked  reptiles  and  in  fishes  it  is  completely  undeveloped. 

Thus,  in  all  the  mammalia,  the  cochlea  is  an  important  part  of  the 
internal  ear,  but  little  inferior  to  the  same  organ  in  man.    But  in  sinjr- 
ing  birds  it  is  comparatively  rudimentary.     Some  of  these  birds  may 
be  tainght  to  rept>at  particular  melodies,  showing  that  their  capacitr 
of  discriminating  musical  notes  is  equal  to  their  power  of  prodacin)f 
them  by  the  vocal  organs.     And  yet  that  part-  of  their  auditory  appa* 
rat  us  whirh  should  be  most  highly  d<\'i'loped  according  to  the  view  in 
question,  i.;  in  reality  the  least  so.    If  we  compare  a  horse  or  a  pig  with 
a  thru.sh  or  a  mocking-bird,  it  is  evident  that  the  grade  of  ninsical  sen- 
sibility in  these  animals  is  in  no  relation  with  the  development  of  ihf 
eochloa.     In  fact,  the  cochlea  of  a  singing  bird  resembles  that  of  a  croco 
dile  or  a  serpont  more  closely  than  that  of  a  quadruped  or  &  man. 
the  same  lime,  the  other  parts  of  the  internal  ear  in  birds,  the  donhltf 
sac  of  the  vestibular  cavity,  the  membranons  semicircular  canals  and' 
ampuIliG,  the  fenestra  ovalis,  and  llie  fenestra  rotunda,  are  all  highly] 
developed  ;  some  of  them  nearly  or  quite  as  much  so  as  in  mammalians,  i 


*  Owen,  Anatoniy  of  th«  Vertebrates.     London,  1866,  vol.  ii.,  p.  134.     Wagnei; 
Comparative  Anatorav  of  the  Vertebrate  Aniiuals,  Tuik's  Traiislnlton.    New  York,, 
1845,  p.  96.     Waldcver,  m  Slrieker'e  Manual  of  Histology,  Buck's  Edilioo.     N«r 

York,  1872,  p.  1041). 
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^his  throws  a  doubt  on  the  special  office  of  the  cochlea  in  auditory 

iBationa. 

Perftistence  of  Sonorous  Impre.<:si"it.-'  and  the  Froduclion  of  MuMcal 
Sounds. — Th(!  eCTect  proJuoed  by  a  >itiiiir«n.i><  viliratiou  continues  for  a 
short  time  afttT  the  consation  of  itt*  cause.  U.sually  the  interval  between 
two  Uift'erent  uupuli*es  is  rtufficieut  to  allow  the  iirst  impression  to  dis- 
appear before  the  second  is  received,  and  the  ear  distinguii^hes  them  in 
succession.  But  if  they  follow  eacb  other  at  ecjual  interval;*,  with  a 
(M-Ttain  rapidity,  ihey  produce  t\\\^  impression  of  u  continuou.s  souml ; 
and  this  sound  has  a  hiirher  or  lower  pitch,  according'  to  the  rapidity 
of  its  vibratio^ps.  The  numerii*al  relation  of  musical  notes  thus  pro- 
duced has  l>een  studied  by  various  moans.  One  of  these  is  the  siren 
of  Savart,  in  which  successive  puffs  of  air  are  emitted  throup-h  small 
openinjfs,  >\'ith  a  rapidity  which  can  be  varied  at  will  and  registered 
by  an  automatic  index.  In  another  met  hud  the  shocks  are  given  by 
the  points  of  a  toothed  wheel  lurniu^^  with  known  velocity  against  the 
projecting  edpe  of  a  card.  The  number  of  vibrations  correspoudinjur 
to  a  particular  note  may  also  be  re|j;istered  by  attaching  to  the  ©.\trem- 
ity  of  a  tuning-fork,  a  lija-ht  stilet  which  traces  upon  the  surfaw  of  a 
revolving  cylinder,  an  undulating  line  (Fig.  IMl,  a) ;  iho  number  of  uu- 
dulntions  in  a  given  space  indiertting  the  frequency  of  vil»ratioii  of  the 
tuning-fork.  A  simple  vibrution  represents  the  movement  in  one  direc- 
tion; a  rfot/6/^  vibration  is  the  complete  to-and-fro  oscillation,  which 
brings  the  moving  point  back  lo  its  original  position. 

By  this  means  it  is  foimd  that  sonorous  impulses,  following  each 
other  with  a  rapidity  of  less  than  sixteen  times  per  second,  are  sepa- 
rately distinguishable;  but  above  that  frequency  they  ure  merged  into 
a  continuous  sensation.  When  the  shocks  are  retjcated  at  irregular 
intervals,  the  only  characters  perceptilile  in  the  sound  are  its  intensity 
and  quality.  But  If  they  succeed  each  other  at  regular  intervals,  the 
sound  produced  has  a  position  in  the  musical  scale,  as  a  high  or  low 
note.  The  more  frequent  the  repetitions,  the  higlicr  the  note;  but  a 
limit  is  at  last  reached  at  which  the  ear  fails  to  perceive  the  sound, 
and  an  excessively  high  note  is  therefore  inaudible.  This  is  probably 
duo  to  the  following  rea.^on  :  A  sonorous  vibration,  to  be  perceptible, 
must  have  a  certain  extent  or  amplitude ;  that  is,  the  particles  of  the 
vibrating  body  must  move  to  and  fro,  at  eacb  impulse,  for  a  certain 
distance  in  space.  The  intensity  of  a  sonorous  impres.sion,  accordingly, 
depends  on  the  amplitude  of  the  vibrations,  while  its  pitch  or  tone 
depends  on  their  frequency.  But  the  more  frequently  a  body  vibrates 
in  a  given  time,  the  less  extensive  must  be  its  movements,  if  their 
velocity  remain  the  same.  Consequently,  when  these  vibrations  arrive 
at  a  certain  frequency,  unless  their  velocity  be  increased  in  proportion, 
their  amplitude  becomes  so  small  that  they  make  no  impression  on  the 
ear,  and  they  are  therefore  inaudible. 

It  is  evitlent,  however,  that  such  a  sound  would  be  perceptible  if  the 
aensibility  of  the  auditory  apparatus  were  increased  to  the  requisite 
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decree ;  and  it  is  supposed  that  certain  insects  may  be  capable  of  per* 
ceiving  sounds  of  very  high  pitch  which  are  inaudible  to  the  human 
ear.  To  an  organ  of  such  acute  sensibility  a  very  low  note,  on  the 
other  hand,  would  appear  as  a  succession  of  distinct  impulses. 

The  limits  of  frequency,  within  which  sonorous  vibrations  are  pe^ 
ceptible  to  man  as  musical '  sounds,  are  16  double  vibrations  per  second 
for  the  lowest  notes,  and  38,000  for  the  highest.  But,  according  to 
Wundt,  the  exact  discrimination  of  musical  pitch  is  confined  within 
much  narrower  limits,  especially  for  the  higher  notes. 

Duration  of  a  Sound  required  for  Sonorous  Impressions. — This 
point  has  been  investigated  by  Savart*  in  the  following  manner:  He 
ascertained,  by  experiment,  that  the  ear  could  appreciate  the  pitch  of  a 
sound  made  by  a  toothed  wheel  revolving  at  the  rate  of  10,000  shocks 
per  second.  By  successively  removing  the  teeth  from  different  portions 
of  its  circumference,  he  diminished  in  a  corresponding  degree  the  time 
during  which  the  shocks  were  produced;  and  he  found  that  such  a  wheel 
would  give  a  sound  of  definite  pitch  with  only  two  teeth  adjacent 
remaining.  The  double  shock  thus  produced  would  occupy  only  ^^'g^ 
of  a  second ;  and  this  duration  of  impulses  was  sufficient  to  make  upon 
the  ear  a  distinct  musical  impression. 

*  Daguin,  Traits  El^mentaire  de  Physique.    Paris,  1869,  tome  i.,  p.  617. 
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REPRODUCTION  is  the  process  by  which  the  different  kinds  of 
organized  beings  are  perpetuated,  notwith.stuadiug  the  limited 
existence  of  each  individual.  It  inchidetj  the  production,  growth,  and 
development  of  new  germs,  as  well  as  the  history  of  ssiuccesgive  changes 
in  the  organs  and  functions,  and  the  modiQcatious  of  external  form  at 
diflereat  periods  of  life. 

All  organized  Ixidies  jm.s.s  through  various  stages  of  development, 
in  which  their  .structure  and  functiotia  undergo  corresponding  altera- 
tions^ The  changes  of  nutrition  and  growth,  by  which  the  animal 
or  plant  is  diHtinguishcd,  correspond  in  activity  with  its  other  vital 
phenomena;  since  these  phenomena  depend  on  the  continuance  of  the 
nutritive  proce?^;.  Tims  the  orgauH  and  tissues  are  the  seat  of  a  double 
change  of  renovation  and  decay,  but  retain  nevertheless  their  original 
constitution,  and  continue  to  exhibit  their  vital  phenomena. 

ThiH  change,  however,  is  not  the  only  one  which  takes  place.  Al- 
though the  b<:>dily  structure  ajtpctir.s  to  lie  maintuiucd  by  the  nutritive 
process  from  one  moment  to  another,  or  from  day  to  doy,  yet  examina- 
tion at  longer  intervals  will  .show  that  this  is  not  precisely  the  case; 
since  the  changes  of  nutrition  arc  progressive  as  well  ao  momentary. 
The  composition  and  structure  of  the  bones  are  not  the  same  at  the 
age  of  twenty-live  years  that  they  were  at  fifteen.  At  the  later  period 
they  contain  more  calcareous  and  less  organic  matter  than  before ;  their 
solidity  being  consequently  increased,  while  their  elasticity  is  dimin- 
ished. There  is  a  notable  diffironce  in  the  quantities  of  oxygen  and 
carbonic  acid  inspired  and  exhuled  at  different  ages  ;  and  the  irritabil- 
ity of  the  musries  is  diminished  after  some  years,  owing  to  a  slow,  but 
steady  and  permanent,  deviation  in  their  intimate  constitution. 

The  vital  properties  of  the  organs,  therefore,  change  with  their  vary* 
ing  structure ;  and  a  time  comes  at  last  when  they  are  perceptibly  lesft 
capable  of  action  than  before.  The  very  exercise  of  the  vital  powers 
18  inseparably  connected  with  the  alteration  of  the  organs  to  which 
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they  belong;  and  the  fnnctionsi  of  life,  instead  of  remainin;^  indefi- 
nitely the  fianie,  pass  throi]|irh  a  series  of  cbang-es,  which  finally  termi- 
nate in  their  complete  cessation. 

The  history  of  an  animal  or  plant  is,  therefore,  a  history  of  sao- 
cessive  epochs  or  phases  of  existence,  in  each  of  which  it«  structure 
and  funetioiis  differ  more  or  less  from  those  iii  every  other.  The 
organized  IxMn^?-  ha^  a  definite  term  of  life,  tliruugh  which  it  passes 
according^  to  an  iuvurJaVdo  law,  and  which,  at  some  regularly  appointed 
time,  corner  to  an  en*!.  The  plant  germinates,  grows,  blossoms,  liears 
fruit,  withers,  and  tiecayi?.  The  animal  i.s  born,  nourished,  and  brought 
to  maturity,  after  which  he  retrogrades  and  dies.  The  very  commeno^ 
nient  of  existence,  Ky  leading  through  its  successive  intermediate  stajTCfl, 
conducts  at  last  necessarily  to  its  termination. 

But  while  individual  organi.sins  are  constantly  perishing  and  disap- 
pearing from  the  stage,  the  particular  kind,  or  ftpecies,  remains  in  exist- 
ence, without  any  iiaportant  "hange  in  the  forms  l>elonging  to  it.  The 
horse  and  th?  ox,  the  oak  and  th^  pine,  the  numerous  wild  and  domes- 
ticateti  animals,  as  well  as  the  different  races  of  mankind,  have  remained 
without  essential  alteration  since  the  oarliest  historical  epochs.  Yet 
during  this  jRTiod  iununierable  individuals,  of  each  species  or  race, 
have  lived  through  their  natural  term  and  successively  passed  out  of 
existence.  A  apecien  may  therefore  be  regarded  as  a  type  or  class  of 
organizi^d  beings,  in  which  the  individuals  composing  it  die  off  and 
disappear,  but  which  nevertholes><  re[iertt.s  it.self  from  year  to  year,  and 
maintains  its  ranks  constantly  full  liy  the  continued  accession  of  other 
similar  forms.  This  process,  by  which  new  organisms  make  their 
appearance,  in  place  of  those  which  are  destroyed,  is  the  process  of 
reprodnt'tion.  The  first  important  topic,  in  the  study  of  reproduction, 
is  that  of  the  conditions  necessary  for  its  accomplishment. 

Reproduction  by  Generation. 

It  is  well  known  that,  in  the  reproduction  of  animals  or  plants,  the 
young  organisms  are  produced,  as  a  rnle,  from  the  bodies  of  the  elder. 
The  relation  between  the  two  is  that  of  parents  and  progeny.  The 
progeny,  accordingly,  owes  its  existence  to  an  act  of  fjeneration  ;  and 
the  new  organisms,  thus  generated,  become  in  turn  the  parents  of 
others  which  succeed  them.  For  this  reason,  wherever  such  plants  or 
animals  exist,  the}'  indicate  the  preceding  existence  of  the  same  s|>rcies; 
a,nd  if  by  any  accident  the  whole  species  should  be  destroyed  in  any 
particular  locality,  no  new  individuals  could  l>e  produced  there,  unless 
l)y  ihf  importation  of  others  of  the  same  kind. 

The  mo.st  prominent  feature  of  generation,  ns  a  natural  phenomenon, 
is  that  the  young  animals  or  plants  thtis  formed  are  of  the  game  kind 
wilh  their  parents.  They  reproduce  the  specific  characters  by  which 
their  predeces-sors  were  distinguished;  and  this  takes  place  by  a  law 
so  universal  that  it  seems  alnio.st  a  truism  to  state  it.  But  this  is  only 
because  it  has  been  so  constantly  a  matter  of  observation,  that  in 


I 

4 


4 


I 


popular  ex|>crioucc  it  appears  a  natural  uecessity.  lu  reality  it  is  one 
of  the  most  remarkable  phenomena  connected  with  the  generative 
procet^s;  and  it  indicates  an  unbroken  connection  of  physiological  acts, 
extending  tfarouj,'h  the  lives  of  many  diO'crent  individual?*.  Thus  we 
know  that  the  progeny  of  a  fox  will  always  be  foxes ;  and  that  if  we 
§ow  oats,  it  wilJ  l>e  a  crop  of  oats  that  is  produced  in  consequence. 
^kneration,  accordingly,  not  only  gives  rise  to  new  animaLs  or  plants, 
but  it  serves  to  continue  indefmitely  the  existence  of  the  specien,  with 
its  characteristic  uiarkti  and  qualities. 

Our  idea,  therefore,  of  a  species  includes  two  different  eiementa,  one 
of  which  is  anatomical,  the  other  pbyj*iologicai,  Itn  anatomical  char- 
acter is  the  similarity  of  form,  size,  and  !<tructure  l)et\veen  the  iudivid- 
uals  belonging  to  it,  which  we  recognize  at  a  glance ;  its  phyftiological 
character  i*  the  fact,  established  by  experience,  that  it  will  reproduce 
ir.<elf,  aud  thaw  remain  distinct  through  an  indefinite  series  of  succes- 
sive geueratiuns. 

It  is  not  possible  to  sa}'  that  the  anatomical  characters  of  a  species 
liave  been  absolutely  the  same  throughout  all  previous  time,  or  that 
they  will  remain  so  without  limit  in  future.  The  fossil  remains  of 
animals  and  plants,  differing  from  tht)!<e  now  iu  existence,  show  that 
species  are  not  |>ersistent  and  invariable  through  very  long  ])eriodB; 
and  that  they  may  either  become  so  modified  as  to  present  a  different 
appearance,  or  may  entirely  come  to  an  end,  like  the  extinct  mastodons 
and  horses  of  the  United  States,  and  be  replaced  by  others  from  a  dif- 
ferent locality.  But  in  whatever  way  we  may  explain  the  geological 
succession  of  different  species,  it  is  certain  that  at  any  one  time  their 
essential  characters  are  those  above  described ;  and  that  each  species, 
by  the  proces-s  of  generative  reproduction,  remains  distinct  from  the 
others  which  are  contempomrv  with  il. 

But  the  production  uf  young  animals,  similar  to  their  parents,  although 
the  final  result  of  the  generative  process,  is  never  immediate.  *Tbo 
joung  progeny  is  at  t]r.-*t  dillerent  from  its  parents,  and  only  comes 
to  resemlile  them  thruugh  a  series  of  changes,  often  very  remarkable  in 
kind.  The  embryo  of  a  vertebrate  animal,  though  incomplete  in  struc- 
ture, presents  some  analogy  of  form  with  the  adult.  But  in  many 
invertebrates,  the  young,  even  when  hatched  and  ca])able  of  active 
locomotion,  are  so  diflurfiit  from  their  [mrctits  that  they  would  never 
be  referred  to  the  same  species,  unless  their  identity  were  demonstrated 
by  subsequent  development.  The  young  ntosquito  is  a  wingless  crea- 
ture living  beneath  the  surfni**'  of  stagnant  pools;  and  the  eggs  of  the 
butterfly,  when  butehod,  give  birth  not  to  butterHit-'s  but  to  caterpillars. 
The  caterpillars,  however,  are  not  creatures  of  another  species,  but 
young  butterflies;  and  they  become  similar  to  their  parents  after  cer- 
tain changes,  which  take  pluci*  at  definite  periods  of  their  development. 

The  reproduction  of  form,  therefore,  which  marks  a  species,  is  accom- 
plished through  a  series  of  changes  in  regular  order ;  and  this  series, 
taken  together,  may  bo  represented  by  a  circuit,  which  starts  from  the 
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eg-g,  13  continued  throuph  puecessive  phases  of  growth,  traasforuatioD 
arul  maturit}-,  and  teniiinfttes  at  last  with  the  production  of  an  egg. 
As  this  egg  is  similar  to  the  lir^t,  thf  change!?  repeat  themselves  in  their 
previous  order,  and  the  indefinite  continuance  of  the  species  i-;  thii*; 
e8tablisihed. 

Spontaneous  Generation. — The  commonest  olM*ervation  sliow^  that 
the  above  facts  hold  good  in  regard  to  all  animals  and  plants  with 
whose  hi>ftory  we  are  fully  acquainted.  But  it  has  sometimes  been 
surmised  that  there  are  exceptioun  to  thist  rule ;  and  that  li^'ing  beings 
may,  under  certain  circumstances,  be  produced  frdm  inanimate  mate- 
rials ;  thus  presenting  the  singular  phenomenon  of  a  progeny  withont 
parents.  Such  a  production  of  organized  bodies  is  known  as  «p«»ila- 
neous  generation.  Its  existence  is  doubted  by  most  ph^'siologists,  aod 
has  never  been  positively  established  for  any  jmrlicular  s|3ecies ;  bat  it 
has  been  at  various  titnes  the  subject  of  discussion,  forming  a  some- 
what remarkable  ehaptcr  in  the  history  of  phy.siology. 

It  may  l>e  remarked  in  general  that  the  organisms,  supposed  capabk- 
of  originating  by  spontaneous  generation,  have  been  always  those 
whose  natural  history  was  obscure,  owing  either  to  their  minute  size 
or  to  certain  physiological  petMiliarities.  Wherever  animals  or  platt^ 
appeared  in  abundance  without  evidence  of  the  source  from  which  they 
came,  it  was  formerly  conjectured,  for  that  reason,  that  their  produc- 
tion was  sponlnneous;  and  the  ancient  naturalists  supposed  all  ani- 
mals, except  those  wliifh  visibly  lay  eggs  or  produce  living  young,  to 
be  formed  by  the  fortuitous  combination  of  their  organic  ingredicntfi. 
Maggots,  shell  fish,  grubs,  worms,  and  even  some  fishes  w*Te  thought 
to  be  produced  in  this  way.  because  they  had  no  apparent  specific  origiiu 

But  further  observation  showed  that  these  animals  were  really  pro- 
dui'i'd  by  generation  from  parents;  their  secret  methods  of  propa- 
gation being  discovered,  and  their  relationship  l)eing  detected  by  fol- 
lowing the  development  of  the  young.  A  frequent  obstacle  to  tl» 
idi'iitification  of  species,  in  thi-se  investigations,  is  the  intorvnl  which 
elapses  between  the  laying  of  the  eggs  and  the  subsequent  appearance 
of  the  young  brood ;  the  new  generation  not  showing  itself  until  the 
former  has  disappeared.  A  striking  instance  is  that  of  the  seventeen- 
year  locust  (Vicoifa  sejitenfleeim),  whiTc  a  period  of  seventeen  years 
intervenes  between  the  hatching  of  the  larva  and  the  ap|iearanco  of  the 
perfect  insect;  the  hirva  all  this  time  remaining  buried  in  the  ground, 
while  the  life  of  the  perfect  insect  doea  not  la.st  over  six  weeks.  BtJf 
notwithstanding  this  difficulty,  most  of  these  cases  were  gradually 
traced  to  the  usual  method  of  generation  frf»m  parents. 

Another  source  of  error  ia  the  dissimilarity  sometimes  existing 
between  parents  and  young,  especially  when  accompanied  by  a  differ- 
ence in  ttioir  habits  of  life.  Fntil  the  middle  of  the  seventeenth  century 
there  was  no  more  undoubted  instance  of  spontaneous  generation  than 
the  appearance  of  maggots  in  putrefyin!?  flesh.  These  creatnres  always 
show  themselves  in  meat  at  a  certain  stage  of  its  decomposition ;  they 
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are  never  seen  elsewhere;  and  they  do  not  apparently  possess  the 
power  of  producing  3'onng',  For  these  reasons  tliuy  were  b<?lieved  to 
originate  from  the  dead  flt'Hli  and  to  die  without  linviiij?  a  progeny. 
But  the  experiments  of  llcdi  in  IGGS,  demonstrated  the  fallacy  of  this 
opinion  and  the  true  origin  of  the  tuagg^ots.  Ho  took,  in  the  month 
of  July,  eight  wide-mouthed  bottles  and  placed  in  them  pieces  of  flesh. 
Four  of  the  bottles  were  kit  open  to  the  atmosphere,  wliile  the  remain- 
ing four  were  closed  by  paper  fastened  over  their  orifices.  In  a  short 
time  the  flesh  in  th<-  uncovered  bottJt  .s  was  fdled  with  maggots,  a  pecu- 
liar kind  of  fly  nieauwfiile  pajssLng  in  and  out  by  the  open  mouth;  but 
in  the  closed  buttles  not  a  maggot  v/:  •.  visible,  even  after  several 
months. 

Thua  it  was  evident  that  the  maggots  Wi'ie  not  formed  from  the  dead 
flt'sh,  but  that  their  germs  came  in  gome  way  from  without ;  and  con- 
tinued observation  showed  that  they  were  hatched  from  eggs  deposited 
by  the  flies,  and  that  after  a  time  they  became  perfect  insects  similor 
to  their  parents*.  Ati  extension  of  these  observations  toother  inver- 
tebrate animals  made  known  a  great  variety  of  instances  in  which  the 
connection  of  parents  and  progeny  might  be  traced  through  several 
intermediate  conditions  ;  ^o  t!>al  npparent  differences  in  their  coufigurar 
lion  and  structure  no  longer  offered  a  serious  difficulty  to  the  investi- 
gator. As  a  general  nde,  ^ince  iliit  time,  whenever  a  rare  or  compara- 
tively unknown  aninml  or  plant  has  been  sus|Micted  to  originate  by 
tipontaneous  gencrntJou,  it  bus  only  lieen  necessary  to  examine  thor- 
^nghly  it6  habits  and  functions,  to  discover  its  real  methods  of  propa- 
gation, and  to  show  that  they  correspond,  in  all  essential  particulars, 
with  the  ordinary  laws  of  reproduction.  The  limits  within  which  the 
doctrine  of  spontaneous  getUTalion  eonld  be  applied  have  l>een  thua 
gTftduall}'  narrowed,  in  the  same  degree  that  the  study  of  natural  his- 
tory has  advanced ;  the  presumption  of  its  existence  always  hanging 
upon  the  outskirts  of  dt-finili-  knowledge,  and  relating  only  to  thoae 
anit)mi.-^  or  plants  wbirh  are  for  the  tinie  imperfectly  understood.  The 
two  groups  from  which  it  has  been  most  roceutly  excluded  are  the 
Entozoa  and  the  Infusoria. 

I.  Entozoa. — These  are  parasitic  organisms  inhabiting  the  bodies  of 
other  living  aninmls,  from  whose  organic  juices  they  derive  their  nour- 
ishniont. 

Tkero  are  many  kinds  of  entozoa,  all  of  which  are  confined,  more  or 
Jmb  strictly,  to  certain  parta  of  tlie  Intdy  which  they  inhabit.  They 
ore  found  in  the  into>ttfH'>,  the  livtr.  tin-  kidneys,  the  lungs,  the  heart, 
and  the  blood-vessels ;  some  on  the  surface  of  the  brain ;  others  in  the 
moscles  or  in  the  eyeball.  Each  parasite,  aa  a  rule,  is  peculiar  to 
the  species  of  animal  which  it  inhabits,  and  to  a  particular  part  of  the 
body,  or  even  to  a  part  of  one  organ.  Thus,  Ascaris  lurabricoides 
18  found  in  the  smalt  intestine.  Oxyuris  vormicularis  in  the  rectum, 
Trichocephalus  dispar  in  the  ciecum.      One  kind  of  Distoma  has  its 
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place  in  the  lungs  of  the  green  frog,  another  in  those  of  the  browu 
frog.  Cjsticercus  cpUulosae  is  found  in  the  connective  tissue  ;  Trifhina 
epirnlie;  in  the  snhstiince  of  the  muscles. 

With  reirard  to  many  of  these  paraeites  the  only  difficulty  in  accounV- 
ing  for  their  exiHtence,  otherwise  thun  bv  spontaneous  gcni'ratiou,  by 
in  their  being  confined  to  such  narrow  limitj-.  It  beenied  probable  that 
some  local  conilitions  must  be  reqaisite  for  the  production  of  a  parasite, 
which  was  only  to  lin  found  in  the  biliary  passages,  the  kidneys,  or  ibe 
lungs  of  a  living  aniniaL  A  little  consideration,  however,  makes  it 
evident  that  those  conditions  are  neither  necessary  nor  sufficient  foi 
the  production  of  such  a  parasite,  but  only  for  its  development  and 
nutrition.  Most  internal  pHTasites  reproduce  their  species  by  grnenk- 
■tion.  They  have  male  and  female  organs,  and  produce  fertile  eggs, 
often  in  great  abundance.  The  eggs  in  a  single  female  Ascaris  are  to 
be  counted  by  thousands ;  and  those  in  a  tapeworm  by  millions.  In 
order  that  tiiese  eggs  may  be  hatched,  and  their  embryos  developed, 
certaiu  conditions  are  requisite ;  as  the  seeds  of  plants  need,  for  tbi'lr 
germination  and  growth,  an  appropriate  soil  and  a  certain  degree  of 
warmth  and  moisture.  It  is  no  more  remarkable  that  Oxyuris  vermi* 
cularis  shnuld  iiitmbit  the  rtv'tiini,  and  Asearis  lumbricoides  the  ileum, 
than  that  Lobelia  infiatii  should  grow  only  in  dry  pastures,  and  Lolielia 
eardiuulis  by  the  side  of  runuing  brooks.  The  lichens  flourish  on  the 
exposed  surfaces  of  rocks  and  stone  walls ;  while  the  fungi  veg*»t«te  in 
darkness  and  moisture,  on  the  decnying  tninks  of  dead  trees.  Yet  aQ 
these  plants  are  reproduced  l»y  generation,  from  germs  which  require 
special  conditions  for  their  growth  and  development.  If  any  animal 
or  vegetable  germ  bo  deposited  in  a  locality  where  the  requisite  condi- 
tions are  present,  it  is  developed  and  comes  to  maturity ;  otherwi.«e 
not.  Thus  the  internal  psirasltes,  like  other  living  organisms,  are  con- 
fined to  certain  bituationa  by  the  necessities  of  tboir  nourishiiHjit  jind 
growth. 

But  in  some  instances  there  are  two  further  difficulties.  First,  the 
parasites  in  question  do  not  inhabit  the  ofjcii  pnssa^'es  or  canals  of 
the  body,  but  lie  encysted,  in  the  solid  substance  of  tho  tissues,  with- 
out visible  means  of  access  from  the  exterior.  Secondly,  they  are  sex- 
less; and,  if  they  perform  no  generative  function,  it  does  not  n-adily 
appear  how  they  can  themselves  hiivo  bee.i  derived  from  parents.  The 
tw  0  kinds  of  ento/.oa,  in  which  these  peculiarities  are  most  strongly 
marked,  and  in  which  they  have  been  must  fully  explained,  are  Oysi 
oercus  collulosai  and  Trichina  spiralis. 

1.  Cif8ficerrii»  ceUitlonae. — Thi^  is  a  bladder-shaped  parasite  of  somfr- 
what  flattened  form,  about  10  millimetres  in  diameter,  found  in  the  sub- 
cutaneous and  intermuscular  connective  tissue  of  the  pig,  where  it 
appears  under  the  form  of  whitish  specks,  giving  rise  to  the  appearance 
known  as  "measly  pork."  Each  parasite  is  enveloped  iu  a  cyst, 
the  bladder-like  body,  when  extracted,  exhibit;]  at  one  epot  a  minj 
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truiled. 

ueck  luvertwl ;  viewed  in  diifbrcnl  po- 

liitlona.    (IhiT»in«.) 


depression  or  iuvolution  of  its  wall.     From  this  point  a  slender  neck, 

en<Ung  in  a  rounded  head,  may  be  extruded  by  pressure ;  after  which 

the  animal  is  seen  to  eonsist  of  a  head  and  neck,  terminated  poBterlurly 

by  a  dilated,   sac-like   tail,  whence   its 

generic  name  of  cystieercus.    Its  specific  Fio.  ]53. 

name  is  derived  from  its  inhabiting"  the 

connective    tissue,    funnerly    known   as 

the  "cellular  tissue."     The  head  of  the 

parasite,  when  lua^Tiified,  siiows  upon 

its  surface  four  mucking;  disks,  and  near 

its  extremity  a  double  crown  of  curvt?d 

calcareous  processes  or  books.     There  t:"^>"riiKjm>  <>i,i.iur<.E,  rn.m  u.^i.i. 

.i.__  J-    »•_        'Lit       ■    i.  1  uf  U»e  |>i|i.    Natural  jii*. — I.  Vcslitilur 

pre  no  distinguishable  internal  organs,  ^^J^  with  ti..  head  «.d  neck  «- 
and  the  caudal  vesicle  contains  only  an  truiied.  2.  a.  The  »*mc!,  ^iUi  h4««i  mk* 
albuminous  fluid.  Tlius  there  is  no 
other  apparent  souree  for  these  organ- 
isms than  the  tissues  which  they  inhabit,  nor  have  they  any  visible 
mode  of  continuing  their  species  by  generation. 

But  it  has  Iteen  shown  liy  Van  Bcneden.  Lruckart,  Haubner,  and 
Kochenmeij»ter,*  that  Cystieercus  cellulosje  is  the  cmbryontc  progeny 
of  Ta?nia  solium,  or  the  solitary  tapeworm,  found  in  tl»e  small  intestine 
of  man.  The  s|K>cific  identity  of  the  two  was  first  sn.<?pected  from  the 
similarity  of  the  head,  which  presents  the  same  suekini,'  disks  and 
crown  of  hooks  in  Ta>nia  as  in  Cystieercus.  But  in  Ttenia  the  neck, 
instead  of  terminating  in  a  vesicular  appendage,  is  elongated  and 
wrinkled.  The  WTinkles,  after  a  certain  distance,  become  deepened  into 
superficial  furrows,  marking  off  the  Iwidy  into  oblonp  articulations,  each 
articulation  showing  u  double  system  of  eorumunieatin^  rnsnilar  eanals, 
and  distinctly-marked  <reneralive  organs  of  both  sexes.  As  they  recwJe 
by  successive  growth  farther  from  the  head,  the  generative  organs  be- 
come more  complete,  and  are  nt  last  filled  with  mature  fwundalJMj  eggs, 
in  which  the  embryos  are  already  partially  developed.  The  ta|M'worra 
then  forms  a  chain  or  colony  of  articuhitions,  sometimes  from  six  to 
eight  metres  in  length,  attached  to  the  mucous  membrmne  of  the  in- 
testine by  the  minute  head  at  its  anterior  extremity. 

By  the  experiuietits  above  nnntimie*!  it  wan  found :  Ist.  That  mature 
articulations  from  the  la'nia  solium  of  man,  if  administered  to  young 
pij?s  with  tbfir  food,  ])roduce  a  brood  of  cystieercus  ct'lluloste  in  the 
Besh  of  these  animals ;  and,  2d.  That  cystieercus  cellulosa?  from  measly 
pork,  if  swallowed  by  man,  becomes  develo|XHl  in  the  intestine,  within 
a  few  days,  into  ribbon-like  worms,  recognizable  as  young  specimens 
of  taenia  solium. 

The  manner  in  which  the  pig  becomes  infested  with  cTBticercus  is 
as  follows:  In  the  fully-fornuHl  tapeworm,  in  the  human  intestine,  the 
mature  articulations  separate  from  the  rest  of  the  colony,  and  either 


*  Aaimid  and  Ve^t^ible  Paraoitei*.    Sydenham  edition,  London,  1857,  pp.  llo,  120. 
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find  their  way  out  sing-ly  by  the  anus,  or  are  dischar^re<i  with  the 
evacuations.  They  have,  whik^  living,  considerable  power  of  con- 
iraetility  and  locomotion  ;  and  thus  become  transferred  to  neiphborinj; 
vcjcretable  pubstanceft.  which  are  devoured  by  the  pig.  In  the  pir» 
sti^nmrli  and  intestine,  the  .substance  of  the  articulation  i?  digested; 
^)ut  the  embryos,  wbich  are  but  little  over  30  mmm.  in  diameter,  ami 
^nned  m'th  movable  eakuireous  spines,  make  their  way  through  the 
Intcstiiial  wjilLs,  and  are  thence  dispersed,  either  by  active  locomotion 
pr  by  tlu!  circulating  blood,  throughout  the  connective  tissue.  IJiT<: 
hey  Iwcome  encysted,  and  go  through  with  a  partial  development,  until 
bey  acquire  the  form  uf  eydticercu«.  In  this  condition  they  remain 
uiiti!  the  tksh  of  the  pig  is  used  for  food,  when  they  are  transformed, 
as  above  descrilx-d,  iuto  tienia  solium,  thus  reproducing  the  original 
form  of  the  parasite.  A  similar  relation  has  been  found  by  Kiichen- 
meister  and  Siebold  between  certain  other  species  of  tienia  and  cy«ti- 
cercus. 

2.  Trichina  spiralis. — This  is  an  encysted,  worm-like  parasite,  found 
in  the  muscular  tissue  of  the  pig,  and  sometimes  in  that  of  the  rat,  tic 

cat,  and  the  human  species.  Each 
worm  lies  spirally  coiled  within  its 
envek>ping  cyst.  It  is  about  0.15 
miliimetre  in  length,  with  a  tapering 
anterior  and  a  roimded  posterior  ex- 
tremity. It  has  a  nearly  straight 
intestine  and  rudimentary  nexual 
organs,  It  ha?  long  been  recognizwl 
aw  an  occanional  parasite  in  the  mu;^ 
cukr  tissue  of  man;  but  it  Ih  only 
since  the  investigations  of  Leuckart*  and  Pagenstecherf  that  the  his- 
tory  of  Its  growth  and  development  has  been  made  known.  If  dioncu- 
lar  flesh  contiiiuiug  encysted  IrichiniE  1>e  admini.stered  to  a  rabbit,  cat, 
rat,  mouse,  or  pig,  the  cysts  arc  digested  and  the  worms  liVierated  in 
the  intestine.  Here  they  rapidly  increase  in  development;  the  fBmalea 
Ixieoniing  impregnated  and  filled  with  living  young,  and  attaining,  ni 
the  end  of  a  fortnight,  three  or  four  times  their  previous  size.  The 
embryos  are  now  discharged  into  the  cavity  of  the  intestine;  »flcr 
which  they  penetrate  the  intestinal  walls,  and  thence  liisperse  through* 
out  the  body.  On  reaching  the  nnis<-uhir  tissue,  they  l>ecome  encysted, 
and  thus  rL-maiu  quiescent  until  introduced  into  the  intestine  of  an oth«T 
animal  or  of  man.  The  existence  of  suL-h  sfxh'ss  and  encysted  parasites  ^ 
is  therefore  analogous  to  that  of  the  eolrrpillar  or  the  maggot.  They' 
are  sexless,  beiause  they  are  slill  in  thr.  embryonic  condition.  But, 
they  have  beefi  produced  by  generatiou  fri>m  parents;  and  they  will, 
at  a  subsequent  period,  themselves  produce  yoimg  by  the  same  tirooeaa. 
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T«u'iiiN,i  SriSALt!^,  PDcystc*],  rniw  uititrii- 
lur  Umu?  of  a  Irlvhinouii  ckI,  Magnifitx] 
76diaroelc». 


•  UnterHUchungen  fiber  Trichina  Bpiralb. 
t  Die  Trichinen.     Leipzig,  1860. 
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II-  Infusoria. — These  are  microscopic  org-anisms,  first  discovered  by 
Leeuwenhoek,  in  lfit5,  in  rain-water  wiiich  had  been  kept  in  standin^' 
vases.  On  nceonnt  of  their  active  movement  and  minute  size  he  called 
them  "  animalcules ;"  but  as  they  were  soon  found  to  make  their 
appearance  in  g^eat  numbers  and  with  remarkable  rapidity  in  watery 
infusions  of  organic  matter  exposed  to  the  air,  they  afterward  received 
the  general  name  of  "infusoria."     They  present  themselves  under  a 

FiQ.  lo5. 


JvrvaORlA,  of  rftrioiia  IcindH.— 1.  Uroatyla  gnuiilb,  frxiro  ilocaylnjr  ii(!d^»-||rniM.  1.  Pantneeiiira 
aun-llo,  IVum  vegtilaMe  inftielonx.  X  ChUniyd^idon  mni^niusyui-,  Baltic  Sea  irnl<>r,  4.  K^rook 
polyrK-iniUQ,  on  tlio  fri'xh-wator  polype.  5.  Oxjrtrlcha  cau4»l«.  <)\yta  vtairDkut  w«tcn.  4.  KrrllU 
fiurlatilts,  clear  brook  wrIt.  7.  llctcroniiU  OTsta,  on  ar|uatic  rUvr  planta.  Mignifled  32S 
di»mel^rs.    (Qirenltvrtc  nud  Stcln.) 

great  variety  of  forms;  so  much  so  that  Ehrenberg-*  described  more 
than  700  different  kinds.  They  are  generally  provided  with  cilia 
attached  to  the  surface  of  their  bodies,  and  are,  for  the  most  part,  in 
constant  and  rapid  motion  in  tlie  fluid  which  they  inhabit. 

In  eonscquence  of  the  numerous  forms  of  the  infusoria,  their  fre- 
quent changeability  of  figure,  and  their  want  of  resemblance  to  any 
previously  known  organisms,  they  were  thought,  by  some  earlier 
obaerverg,  to  have  no  regular  mode  of  generation,  but  to  arise  indis- 


*  Die  InfiiMonstbierchen  als  voUkommene  Organixmeri.     Leipiig,  1838. 
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criminate ly  from  the  organic  materials  of  the  infogion ;  the  ptrtieokr 
form  which  they  might  assume  in  any  case  being  determined  bv  the 
physical  conditions  present.  Their  inevitable  appearance  in  organic 
infuaions,  under  ordinary  temperoturos  and  exposures,  contributed 
to  this*  belief.  The  substance  of  the  infusion  might  be  previously 
baked  or  boiled ;  the  water  in  which  it  was  infused  mig-ht  be  purified 
by  distillation  from  all  organic  contamination  ;  and  yet  infusoria  would 
make  their  appearance  at  the  usual  time  and  in  the  usual  abundance, 
provided  the  infusion  were  exposed  to  moderate  warmth  and  to  the 
access  of  air.  But  these  conditions  are  essential  to  all  organic  Ufe,  and 
are  not,  therefore,  especially  requisite  for  infusoria. 

Consequently,  the  infusoria  must  either  Lave  been  spontaneouaiy 
generated  from  the  materials  of  the  infusion,  or  else  their  germs  must 
have  l>een  introduced  from  without  In  the  latter  case  these  geruu 
must  he  wafted  about  by  the  atmospheric  currents,  in  a  comparatively 
dry  and  inactive  condition,  to  resume  their  development  when  brought 
in  contact  with  moisture  and  the  requisite  organic  materiaL 

The  researches  relating  to  tins  question  continued  from  17T5,  whca 
they  were  carried  on  by  Needham  and  Spallanzani,  throughout  the 
greater  part  of  the  present  century,  in  the  hands  of  Cuvier,  Schultze, 
Hchnholtz,  Milne-Edwards,  Longct,  Pouchot,  Pasteur,  Wyman,  Tyn- 
dall,  and  Basttan.  The  main  ohjeot  of  investigation  was  to  discover, 
if  all  previous  livmg  germs  were  destroyed  by  heat,  and  the  access 
of  others  prevented  by  hermetically  sealing  the  vessels  or  thoroughly 
purifying  the  air  introduced,  w^hetber,  under  such  circumstances,  infu- 
sorial life  would  be  developed. 

The  general  result  of  these  exp»erinients  was  that  such  precaatioos 
diminished  and  often  prevented  the  production  of  infusoria.  Spallan- 
zani*  had  already  shown,  in  1776,  that  organic  infusions  in  hermeti- 
cally sealed  flaski?:,  if  bniled  for  two  minutes,  failed  to  produce  any  i)t 
the  larger  and  more  highly  or^janixed  aninnaleules;  and  that  boiling  for 
threo-quartcTs  of  an  hour  prevented  tiie  appearance  of  the  more  minute 
and  simpler  kinds. 

Schultze  •(■  pcrforniod  similar  exiwrinients,  with  the  addition  of  adnut- 
ting  to  the  organic  infu.sion  purified  air  He  placed  his  infusion  in  a 
glass  Rask,  the  stopper  of  which  was  provided  with  two  narrow  tubes, 
bent  at  right  angles.  When  the  infusion  had  been  thoroughly  boiled, 
and  all  air  exiwllwl  from  the  flask  by  the  vapor  of  ebullition,  he  fastened 
to  each  tube  a  series  of  bulbs  contuitiing  on  one  side  sulphuric  acid,  and 
on  the  other  a  solution  of  potassium  hydrate ;  so  that  the  air  which 
reentered  the  flask  while  cooling  must  pass  through  these  fluids,  and  ] 
thu?  be  cleansed  of  all  livinu:  organic  matter.  The  apparatus  was  iht-aj 
kept  in  a  warm  place  for  two  months,  during  which  time  the  air  waai 
renewed  daily  by  suction  through  the  tubes,  without  any  infusoria  beinn 


*  OpuftcoU  de  Fislca  animale  e  vegetabile.    Modena,  1776,  vol.  L,  p.  10, 
f  Poggendorfa  Annalen,  1336.     Band  xxxiz.,  p.  4S7. 
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^^mfetcd  in  its  contents.  But  they  showed  themaelves  in  abundance 
after  the  flask  had  been  opened,  and  the  infusion  exposed  for  a  few  days 
to  the  direct  aceefis  of  air. 

Pasteur*  found  that  if  a  flask  containing  an  organic  infiifiioQ  were 
boiled  upon  a  hJL'h  mountain,  where  the  air  is  of  unusual  purity,  allowed 
to  fill  itself  with  this  air  while  coolinp,  and  then  hermetically  Bealed,  it 
would  often  remain  free  from  infusorial  growth.  Several  such  flasks, 
boiled  and  filled  with  air  on  the  Montjinvert  in  Switzerland,  were  kept 
for  four  years,  without  their  contents  undergoing  any  perceptible 
change.  But  on  making,  at  the  end  of  that  time,  a  minute  opening  in 
the  neck  of  one  flask,  the  infusion  exhibited  after  three  days  a  percepti- 
ble growth  of  cryptogamie  vegetation. 

These  results  did  not  absolutely  exclude  the  possibility  of  spontane- 
ous generation,  which  was  titill  niuiutained  by  Pouehet  and  other  ob- 
iBervers ;  but  they  indicated  the  existence  of  atmospheric  germs,  capable 
of  development  in  a  suitable  organic  infusion. 

But  in  the  mean  lime  the  study  of  the  infusoria  had  Ijeen  going  on 
independently  of  the  question  of  spontaneous  generation,  and  had  lioen 
fiuflieient  to  demnnstrate  their  reproduction  in  the  usual  way,  by  fer- 
tilized i^^fi:f!!<  and  embryonic  development. 

The  ujjpareut  cnnfusion  and  variability  in  form  of  the  infusoria,  at 
the  time  of  their  first  lii.scovery,  depended  largely  on  their  great  num- 
bers and  imperfect  knowledge  of  their  natural  history.  Subsequent 
observation  has  shown  tlteir  organization  to  be  as  definite  as  that  of 
other  classes  of  the  animal  kingdom  ;  and  they  have  now  been  arranged, 
by  the  labors  of  Clapar^de  and  Lnchmann.f  Stein,  J  and  Balbiani,§  in 
orders,  families,  genera,  and  species,  which  may  be  recognized  with 
certainty  by  their  distinctive  marks.  They  are  not  confint'd  to  infusions 
of  decaying  nmterinl ;  but  many  have  their  natural  habitation  in  lakes, 
pools,  marshes,  running  brooks,  or  the  open  sea.  Certain  forms,  origi- 
nally included  in  this  clas«»,  such  as  Rotifer,  Stephanocoroe,  and  Floa- 
cularia,  have  been  found  to  possess  a  more  complicated  structure  than 
the  rest,  and  to  belong  projKTly  to  the  class  of  worms ;  their  mode  of 
reproduction  l>eing  sufficiently  manifest  from  the  fact  that  they  often 
contain  living  embryos,  in  j)n>cess  of  development. 

Finally,  the  true  ciliated  infusoria  have  also  been  shown  to  reproduce 
their  species  by  means  of  efrga^,  formed  in  special  generative  organs  and 
fecundated  by  union  of  the  sexes  (Fig,  15(1).  This  fact,  first  demon- 
strated by  Balbiani,  has  been  since  confirmed,  in  numerous  instances, 
by  Stein,  Engelniann,H  and  Cohn;^^  Balbiani  and  Stein  together  having 

*  (^ropte«  RendiiB  de  I'Acad^mie  des  Sciences.     PariB,  Fttfvrier  20,  1865. 

t  Etudes  siir  los  Infu(V>ires  et  les  RMzopodes.    Genfive,  1856-1861. 

t  Orgnnisimu)*  der  Infusionstliiere.     Lei|izi|Br,  1859, 

I  Journal  de  la  Phyaiologie  do  I'TTomme  c>t  den  .\niinaiix.     Paris,  1861. 

P  Zt*il8chrifl  fur  wiAmini*cIiafUicbe  Zoologic     Leipzig,  1862,  Band  xi,,  p.  347. 

flbid.    Band  xiL,  p.  197. 
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observed  the  occurrence  of  sexual  generation  in  47  different  frejyfrn  nT\(\ 
66  different  species. 

ThuB  the  infusoria  are  in  turn   excluded   from   the   field  ol 
taueous  .generation.     But,  on  the  other  hand,  a  considerable 
orpranisms,  formerly  referred  to  this  class,  are  now  known  t« 
different  character.     These  are  the  forms  included  under  the 
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STYtONYCHiJi  MrriLrs;  «  frMh-wfti<»r  Inftworiiini.— 1.  UntmpregnutMl.  2.  Irapr«gn>t«l.  md  < 
tuioing  mature  eggs  kD(1  two  embryoa.  4.  Sliowlug  the  forai  of  the  embiyo.  Magnlgf* 
diAtneten.    (St«iii.) 

term  of  Bacteria,  and  comprising  the  varietios  of  bacterium,  vfbrift.^ 
spirillum,  and  micrococcus.  They  are  of  a  vegetable  nature,  notwitb-] 
standing-  their  frequent  exhibition  of  active  movement ;  and  they  eonsii 
of  cells,  which  multiply,  often  with  ^rent  rapidity,  by  repeated  subdi'l 
vision.  Whether  they  ore  also  reprofbiceil  by  ;a:crms,  has  not  been  deter-j 
mined ;  but  their  minute  mze  and  imperfect  clas-siiication  have  thus  fivrj 
proved  obstaclos  to  the  complete  study  of  their  physiological cbaracteTs.! 
The  representative  of  this  ^oup  is  the  species  known  as  Bacterixini] 
termo,  already  described  (page  78),  in  connection  with  the  phenomeos' 
of  putrefaction.  It  consists  of  rod-tike  cells,  averaging  3  mmm«  hii 
length  by  0.6  mmm.  in  thickness,  sometimes  single,  often  double,  twc 
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of  them  being  attached,  end  to  end.  The  latter  ap^tearance  is  duo  to 
their  roultiplication  by  transverse  division,  which  takes  place  at  the 
middle  of  their  length.  The  two  new  cells  thus  produced  remain  for  a 
time  in  connection  with  each  other,  and  afterward  separate,  to  repeat 
theproces«5  indcpendontly.  Dur- 
ing a  considerable  part  of  their  Fio,  157, 
existence,  the  cells  are  iu  rapid 
vibratory  and  pro^Tessive  move- 
ment.  The  vibrations  tuke  place 
in  a  circular  manner,  about  a 
point  situated  at  or  near  one  of 
the  extremities  ;  so  that  the  rest 
of  the  ci'H  performs  a  conical 
movement  around  this  point, 
presenting,  on  superficial  exami- 
nation, the  appearance  of  lateral 
oscillatioa.  The  mechunism  by 
which  this  movement  ij5  accom- 
plished is  unknown  ;  but  it  is  no 
doubt  analogous  to  the  slower 
spiral  undulations  of  the  OsHl- 
latoriee,  among  fresh-water  algae; 
and  its  effect  is  to  propel  the 

bacterium  ceils,  often  with  extreme  velocity,  through  the  fluid  in  which 
they  are  immereM-d. 

Of  late  years,  the  investigations  in  regard  to  spontaneous  generation 
have  been  mainly  confined  to  bacteria  and  their  allies,  since  they  now 
form  the  only  group  of  organisms  \n  which  rejiroduction  by  generation 
has  not  been  establiishod.  Even  for  them,  the  rapid  nuiltiplication  by 
cell  division,  whicli  takes  place  under  favorable  conditions,  indicates 
their  usual  mode  of  increase ;  but  in  order  to  establish  an  entire  simi- 
larity between  them  and  other  living  organisms,  they  must  also  Ix* 
shown  to  reproduce  by  spores  or  germs,  which  thus  far  has  not  been 
done.  The  experiments  with  boiled  infu.sions  in  sealed  flasks  have  led 
to  results  which  are  not  interpreted  in  the  same  manner  by  all  writers ; 
bat  it  is  evident  that  for  bacteria,  as  well  as  for  other  organic  forms, 
the  application  of  heat  exerts  iu  various  degrees  a  preventive  action  on 
their  subsequent  appearance. 

The  experiments  of  Wyman*  on  this  subject  were  performed  with 
animal  and  vegetable  infusions,  which,  after  being  eoclosed  in  scaled 
flasks,  with  atmospheric  air,  were  immersed  in  boiling  water  for  periods 
varving  from  thirty  mitiutos  to  five  hours,  and  afterward  kept  under 
observation  at  temperatures  favorable  for  the  development  of  bacteria. 
The  result  showed  that  the  appearance  of  these  organisms  was  always 
delayed  by  the  application  of  a  boiling  heat,  and  that  this  delay  was 


*  Ajnericiui  Journal  of  Science  aod  Arts.  New  Uar«D,  toL  xliv,,  B^ttember,  1867. 
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the  length  of  the  boiling' 


PotAb^ 


often  in  direct  proportion 
more,  in  certain  cases  the  hacteria  failed  to  be  produced  at  aH,  aad  \hi 
chance  of  their  production  was  found  to  decrease  in  proportion  to  U» 
time  during  which  the  liquid  had  been  boiled.  Thus,  of  four  MriMof 
flasks,  containing  the  »anw  infusion,  and  boiled  respectively  for  one,  two, 
three,  and  four  hours,  all  of  the  first  and  second  series  produced  bacteriii, 
only  one  of  the  third,  and  none  of  the  fourth.  Finallv.  in  no  instAociK, 
amonp:  numerous  triyls,  did  they  appear  in  any  infusion  which  had  bwftj 
boiled  for  a  period  exceeding:  five  boura.  Thus  a  limit  was  reached 
the  production  of  bacteria,  in  fluids  previously  subjected  to  tbeacdu 
of  heat. 

There  can  l>6  no  doul)t  a^  to  the  bearing  of  these  and  similar  ej 
ments.     Spontaneous  generation  is  inadmissible  at  the  prfsent  day  fd 
everything  except  bacteria  ;  and  with  regard  to  them  there  is  no  9iiiB>j 
cient  proof  of  their  production  independently  of  previously  exietii 
germs. 

Sexual  OeneratiozL 

In  all  the  higher  plants  and  animals  generation  is  accomplished  ii^l 
the  union  of  the  sexes.     Each  sex  is  distinguished  by  special  generip^ 
live  organs,  male  or  female,  which  give  rise  to  a  peculiar  organized 
product ;  and  this  product  unites  with  that  from  the  opposite?  sex,  Ut* 
form  a  new  individual.     The  female  organs  produce  an   egg  or  germi 
capable  of  being  developed  into  the  young  animal  or  plant ;  the  ma! 
organs  produce  the  sperm  or  spermatic  Jiuid,  necessary  to  fecundal 
the  germ  and  eomraiinieate  to  it  the  stimulus  of  development. 

In  flowering  plants,  the  female  product  is  the  "  germ ;"  which.  afl« 
fecundation  by  the  male  product  or  *'  pollen,"  becomes  the  seed  or  fi 
and  may  produce  a  new  plant  by  further  development.     Fn  many 
cies,  as  in  the  lily,  the  violet,  the  convolvulus,  both  male  and  fe 
organs  are  contained  in  the  same  flower-,  in  some  there  are  separat 
mule  and  female  flowers  on  the  same  plant,  as  in  the  oak,  beech,  bu 
and  hickory ;  and  in  others,  as  in  the  willow,  poplar,  and  sassafras, 
male  and  female  flowers  are  on  diflerent  ]>lant.s  of  the  same  species. 

In  animals  the  female  organs  produce  the  "ovum''  or  egg,  and  ara^ 
called  ocaries.     The  male  organs,  which  give  ri.se  to  the  spermatie^ 
fluid,  are  the  testicles.     In  some  invertebrate  species,  as  in  the  snail, 
slug,  leech,  and  earthworm,  both  ovaries  and  testicles  are  pr««ent  in 
the  same  indiviilual.     But  impregnation  is  nevertheless  effected  by  the 
sexual  unidii  of  two  organisms;  the  eggs  produced  by  one  animal  beinj 
fecundated  by  the  seminal  fluid  of  another,  and  vice  versa. 

In  all  vertebrate  animals,  the  two  sets  of  generative  organs  are 
located  in  separate  individuals;   and  the  species  is  divided  into  twofl 
sexes,  male  and  femak'.     There  ure  also,  for  the  uost  part,  accessor] 
organs  of  generation,  which  assist  in  the  accomplishment  of  the  pr 
cess,  and  occasion  a  corresponding  difference  in  the  bodily  form, 
some  cases  this  difference  is  so  great  that  the  male  and  female  would 
never  be  recognized  as  i>elongiug  to  the  same  species,  unless  thev 
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seen  in  company  with  each  other,  and  were  known  to  reproduce  by 
sexual  congress.  Not  to  mention  some  extreme  instances  of  this 
among  insects  and  other  invertebrate  animals,  it  is  sufficient  to  refer 
to  the  cock  and  the  hen,  the  lion  and  the  lioness,  the  buck  and  the  doe. 
In  man,  the  distinction  shows  itself  in  the  mental  constitution,  the  dis- 
position,  habits,  and  pursuits  of  the  two  sexes,  as  trell  as  in  the  general 
conformation  of  the  body,  and  its  external  appearance. 

The  special  details  of  the  generative  process  depend  on  the  struc- 
ture of  the  male  and  female  organs,  the  manner  in  which  the  sexual 
products  are  formed  and  discharged,  their  union  in  the  act  of  fecunda- 
tion, and  the  changes  which  take  place  in  the  development  of  the 
embryo. 


CHAPTER    II. 


Fia.  ins. 


THE  EGG,  AXB  THE  FEM^LLE  ORGAIiS  OF  GENEBATlOy 

THE  egg^  in  man  and  mammalians,  is  a  globular  body,  a^>oul  0.25 
millimetre  in  diameter.  It  consists  of  an  external  closed  sac,  tbe 
vitelline  membrane,  containing  in  its  interior  a  spherical  mass,  Ibc 
vitellus.  Of  these  two,  the  vitollus  is  the  essential  part  of  tbe  egg, 
eince  from  its  substance  tlie  rudiments  of  the  embryo  are  formed.  The 
yiteUine  membrane  is  a  protectiye  envelope,  serving  to  maintain  the 
form  and  integrity  of  the  vitellus. 

Vitelline  Membrane. — The  vitelline  membrane  ia  a  amooth,  transpa- 
rent, colorless  layer,  about  0.01  millimetre  in  thickness.  With  a  mag- 
nifying power  euflSciently  moderate  to  in- 
clude a  view  of  the  whole  egg,  it  presents  a 
perfectly  homogeneous  aspect ;  althongb  with 
higher  powers,  according  to  Klein,  it  exbibittj 
tin  appearance  of  vertical  atriation-  Notwith- 
standing its  delicacy  and  transparency,  it  is 
very  elastic,  and  has  a  consideruMe  degree 
of  ri'.si^tance.  If  the  mammalian  egg  be 
placed  under  the  ujieroscope,  surrounded  by 
fluid  and  covered  with  a  thin  glass,  it  may 
\ye  perceptibly  flattened  by  preflsure;  and 
wheu  the  presi^ure  is  removed  it  rpsumvs  its 
globular  form.  When  slightly  compressed  in 
this  way,  the  apparent  thickness  of  its  vitel- 
line membrane  is  increased,  giving  it  the  appearance  of  a  rather  wide, 
pellucid  border  or  zone,  surrounding  the  granular  and  comparatively 
opaque  vitellus.  From  this  cireumstance  it  has  received  the  name  of 
the  "zona  pollucida." 

In  the  vitelline  membrane  of  many  invertebrates,  and  also  in  that 
of  fishes,  a  minute  opening  has  been  discovered,  termed  the  **  micro- 
pyle,"  leading  into  its  eavity  ;  and  through  this  opening  the  spermatic 
filaments  of  the  male  reach  the  vitellus.  Such  an  opening  may  also  exif>l 
in  the  vitelline  membrane  of  other  vertebrate  animals ;  but  the  globular 
form  of  the  egg,  the  homogeneous  texture  of  the  vitelline  membrane, 
and  the  absence  of  any  other  material,  of  different  refractive  power, 
in  the  orifice  of  the  micropyle,  are  obstacles  to  its  detection  under  tJie 
microscope, 

Vitellus, — The  vitellus  is  a  globular,  semifluid,  tenacious  mass  com- 
posed of  transparent  and  colorless  albuminous  material,  with  oleftginouft* 
looking  granules  thickly  disseminated  throughout  its  substance.  Owin^ 
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to  the  admixture  of  tbcse  two  constituents,  it  has  a  granular  aspect, 
iMkA  a  considerable  degree  of  opacity.  Imbedded  in  the  vitelluB,  near 
its  surface,  and  consequently  almost  immediately  beneath  the  %'itclliiie 
membrane,  is  a  clear,  colorless,  transparent,  rounded  sac — the  germina- 
tive  vesicle.  In  the  mammalian  egg,  this  vesicle  measures  about  .04 
millimetre  in  diameter.  It  presents  upon  its  surface  a  nucleus-like  siJot, 
known  as  the  germinative  spot.  Both  the  germinative  vesicle  and  the 
gerininative  spot  are  partially  concealc<i,  in  the  uninjured  condition  of 
the  egg,  by  the  granules  of  the  surrounding  vitellus. 

If  the  egg,  while  under  the  microscojie,  be  ruptured  by  pressure  on 
the  covor-glas.*?,  the  vitcllus  is  gradually  expelled  by  the  elasticity  of 
the  vitelline  metubraue.  It  retains  the  gran- 
ules imbedded  in  its  substance,  but  the  germi- 
native vesicle  often  becomes  detached,  and 
therefore  more  distinctty  visible. 

In  man  and  mammalians,  the  simple  form  of  a, 
egg  above  described  is  safficient  for  the  pro-    \ 
duction  of  tlie  embryo,  since  it  is  retained,  after    , 
fecundation,   within  the   generative  passages, 
and  there  al^s^orbs  the  nutritious  materials  for 
its  subsequent  growth.     In  the  naked  reptiles 
and  in  most  fi.sh,  where  the  eggs  are  deposited 
and  hatched  in  water,  the  vitellus  is  also  of 
small  size;  since  the  hatching  takes  pluee  at 
an  early  period  of  developmcat,  and  the  req- 
uisite  additional    fluid    is  supplied    from   the 

surrounding  medium.  But  in  birds  and  most  of  the  scaly  reptiles, 
as  serptMits,  tu^tl<'^,  and  lizards,  the  eggs  are  deposited  in  a  nest  or  in 
the  ground,  with  no  external  source  of  nutrition  for  the  embryo.  In 
these  instances  the  vitellus,  or  "yolk,"  is  of  large  size;  and  the  bulk 
of  the  egg  Is  further  increased  by  the  addition,  within  the  genera- 
tive passages,  of  albuminous  material  and  fibrous  or  calcareous  en- 
velopes. 

Ovaries  and  Otidurta. — The  eggs  are  produced  in  the  interior  of 
certain  organs,  situated  in  the  abdominal  cavity,  called  the  ovaHea. 
These  organs  consist  of  a  moss  of  vascular  connective  tissue,  inclosing 
numerous  globular  sacs  or  folHoicH,  the  "Graafian  follicles;"  so  calh-d 
from  the  anatomist*  who  first  fully  described  them  as  constituent  parts 
of  the  ovary.  Each  Graafian  follicle  contains  an  egg,  which  varies 
more  or  less  in  size  and  appearance  iu  different  classes  of  animals,  but 
which  has  always  the  same  essential  char.acters,  and  is  produced  in  the 
same  way. 

The  egg  thus  grows  in  the  ovarian  sac,  like  a  tooth  in  Its  follicle ; 
and  forms,  accordingly,  a  constituent  part  of  the  body  of  the  female. 
It  is  subeequently  separated  from  its  attachments,  and  thrown  off;  but 
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until  that  tim<^,  it  is  one  of  the  elements  of  the  ovarian  tissne^  aud 
nourished  like  any  other  portion  of  the  female  organism. 

Since  the  ovaries  are  directly  concerned  in  the  production  of  the  eg 
they  form  the  essential  part  of  the  female  j^enerative  apparatus;  bm 
in  most  instances  there  are  alao  accesfiory  organs,  which  take  part 
the  process  of  g-ent-ration.     The  most  important  are  two  Bytnmetri 
tuhes,  or  oviducts,  destined  to  receive  the  eggs  from  the  ovaries 
convey  them  to  the  external  generative  orifice.      The  muoouis  me 

brane  of  the  oviducts  is  usually  adapied  I 
supplying  certain  secretions  during  the  fia*^: 
sage  of  the  ep;^,  which  complete  its  fonns- 
tion  or  provide  for  the  nutrition  of  ibe 
embryo. 

In  the  frog,  the  oviduct  commences  at 
upper  part  of  the  abdomen,  by  a  rather  wi 
orifice,  communicating  with  the  peritnaei 
cavity.     It  then  contracts  to  a  narrow  tu 
(Fig.  158),  folded  upon  itself  in  numero 
convolutions,  until  it  opens,  near  its  fell© 
of  the  opposite  side,  into  the  "  cloaca  " 
lower  part  of  the  intestinal  canaL     This 
also  the  general  character  of  the  oviduc 
in  nearly  all  reptiles  and  birds. 

The  ovaries,  as  well  as  the  eg-ga  whici 
they  contain,  undergo  at  certain  Boasons 
periodical  development.  In  the  frog,  dar- 
ing the  latter  part  of  summer  and  in  autumn, 
the  ovaries  appear  like  clusters  of  nearlj 
colorless  eggs,  the  smaller  of  which 
fectly  transparent  and  less  than  0.18 
metre  in  diameter.  But  in  e^rly  spring,  the  ovaries  enlarge  to  four  or 
five  times  their  former  size,  becoming  lobulated  masses,  crowded  with 
dark-colored  opaque  eggs,  each  two  millimetres  in  diameter.  At  the* 
generative  s^eason,  in  all  animals,  a  certain  number  of  cfi^gSy  which 
were  previously  imperfect,  increase  in  size  and  become  altered  in  struct*, 
ure.  The  vitcllus  especially,  at  first  colorless  and  transjmrent,  beeoni< 
larger  and  more  granular ;  asfluming  a  black,  brown,  yellow,  or  orang*' 
hue.  In  the  niammalian  vitetlua  the  change  consists  only  in  an  increas» 
of  size  and  granulation,  without  remarkable  alteration  of  color. 

As  the  eggs  approach  maturity,  they  gradually  distend  the  Graafian 
follicles  and  project  from  the  surface  of  the  ovary.  When  fully  ripe, 
they  are  dijicharged  by  rupture  of  the  ftilJicles,  and,  passing  into  U»e 
oviducts,  are  conveyed  to  the  external  generative  orifice,  and  then 
expelled.  In  successive  seasons,  successive  crops  of  eggs  enlarge,  ripe: 
leave  the  ovaries,  and  are  discharged ;  and  in  many  animals,  the 
of  no  less  than  three  different  crops  may  bt^  distinguished  in  the  ovary, 
namely:  Ist,  those  which  are  mature  and  ready  to  be  discharged;  3d, 
those  which  are  to  ripen  in  the  fullowitig  seat^on ;  and  3d,  those  which 
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are  yet  Inactive  and  iindeveloped.  In  most  fish  and  reptiles,  as  well 
as  in  birds,  the  ripening"  and  discharge  of  eggs  takes  place  once  a  year. 
In  different  quadrupeds  it  occurs  annually,  semi-annually,  bi-njonthly, 
or  even  monthly ;  but  ill  every  iustauee  it  is  periodical,  returning  at 
regular  intervale. 

Action  of  the  OtiductH  and  ofh(*r  Generative  Passages. — In  the  frog, 
after  the  ripening  of  the  eggs  nnd  iheir  discharge  from  the  ovarian  fol- 
licles, they  receive  an  additioiial  investment  in  the  oviducts.  On  leav- 
ing the  ovary,  they  consist  only  of  the  dark-colored  granular  vitelUis, 
inclosed  in  its  vitelline  men>brane.  Their 
passage  through  the  oviduct  i^  effected  by 
the  peristaltic  contraction  of  its  walls, 
aided  by  the  abdominal  muscles.  During 
this  passage,  an  albuminous  substance, 
secreted  by  the  oviduct,  is  deposited  round 
each  ef^g  in  successive  layers,  forming  a 
thick  envelope  ( Fig.  Uil ).  When  the  eggs 
are  discharged,  it  absorbs  moisture  from 
the  water  in  which  they  are  deposited,  and 
swells  into  a  transparent  gelatinous  mass, 

in  which  the  egg^  are  imbedded.  By  its  subtsequent  liquefaction  and 
absorption,  it  supplies  material,  for  the  nourit-hment  of  the  embryo. 

In  8C&ly  reptiles  and  in  birds,  the  oviducts  perform  a  more  import- 
ant function.  In  the  common  fowl,  the  ovary  consists  of  follicles  of 
various  size,  loosely  united  by  connective  tissue,  and  containing  eggs 
in  different  stages  of  development  (Fig.  162,  a).  As  the  egg  which  is 
approaching  maturity  enlarges,  it  distends  its  follicle,  and  projects  from 
the  general  surface  of  the  ovary ;  so  that  it  bangs  at  last  into  the  \>vt\- 
toneal  cavity,  retained  only  by  the  attenuated  wall  of  the  follicle,  and 
a  slender  pedicle  containing  its  blood-vetjsels.  A  rupture  of  the  fulJicle 
then  occurs  at  it^  most  prominent  part,  and  the  egg  is  discharged  from 
the  lacerated  opening. 

As  the  egg  leaves  the  ovary,  it  consists  of  a  large,  globular,  orange- 
colored  vitellus,  or  "yolk,''  inclo.scd  in  a  thin  and  transparent  vitelline 
imembranc.  Immediately  beneath  the  vitelline  membrane,  on  the  sur- 
of  the  vitellus,  is  a  round  whit«  spot,  consisting  of  a  layer  of 
minute  granules,  termed  the  **cicatricula,"  in  which  the  gcminative 
vesicle  was  previously  imlwdded.  At  this  time  the  gerrainative  vesicle 
has  usually  disappeared ;  but  the  cicatricula  is  still  an  important  part 
of  the  vitellus,  and  marks  the  spot  from  which  the  embryo  l^egins  its 
development. 

From  the  surface  of  the  ovary,  the  yolk  projects  into  the  orifice  of  the 
oviduct ;  and  when  discharged  from  it**  follicle,  it  is  embraced  by  the 
expanded  upper  extremity  of  this  tube,  and  commences  ita  downward 
passage.  In  the  fowl,  the  muscular  coat  of  the  oviduct  is  highly 
developed,  and  its  peristaltic  contractions  urge  the  egg  from  above 
downward,  somewhat  as  the  oBsopbagus  or  the  intestine  transports  the 
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food  in  a  similar  direction.     While  passiojj^  through  the  first  five  at 
six  centimetres  of  the  oviduct  (jc,  d),  where  the  mucous  inembraDe  is 
smooth  and  transparent,  the  yolk  absorbs  a  certain  quantity  of  fluid^ 
becoming'  consequently  sofler  and  more  flexible.     It  then  passes  inloi 
second  division  of  the  canal,  in  which  the  mucous  membrane  is  thicke 
and  more  glandular  in  texture,  and  arranged  in  longitudinal  folij 

This  portion  (d,  e)  extends  over  about ; 
^^-  ^^2.  ct'ntimetres,  or  more  than  onexhalf 

length  of  the  oviduct.    In  its  upper; 
it  secretes  a  viscid  material,  which 
BoHdate.s  into  a  gelatinous  deposit  aroood 
the  yolk,  thus  forming  a  second  enveloj 
outside  the  vitelline  membrane. 

The  peristaltic  movements  of  the  ovl 
duct  arc  such  as  to  give  a  rotary,  as  well 
a><  a  progressive  motion  to  the  egg ;  an^ 
by  this  means  the  two  extremities  of 
gelatinous  envelope  become  twisted  in 
opposite  directions,  forming  rope-like  ex- 
tensions at  the  two  poles  of  the  egg.  They  I 
are  termed  the  "chalazac,"  or  suspensory 
cords,  and  the  membrane  with  which | 
they  aro  connected  ia  tfao  ^*  chalaziferoosj 
DH'mbrano." 

Throughout  the  remainder  of  this  pari  i 
of  the  oviduct,  an  albuniinons  substanc 
is  deposited  in  succeagive  layers  rot 
the  yolk,  inclosing  the  chalaziferous  mem- 
brane and  chalazie.     This  sul>etance,  tl 
so-called  alhuraen,  or  "  white  of  e^^.''' 
gelatinous  in  consistency,  nearly  Unaa 
parent,  and  of  a  faint  amber  color.     It 
deiKtsited  in  greater  abundancf.  in  froi 
of  the  eg^  than  behind  it,  and  thu.^  for 
a  conical  projection  anteriorly,  while 
bind,  its    outline    is    parallel    w^ith 
spherical  surface  of  the  yolk.   In  this  way,^ 
the  e}ii^  aciiuircy.  when  covered  with 
albumen,  an  ovoid  form,  of  which  one  en^ 
,  -         '  is  round,  the  other  pointed;  the  point 

'  extremity  being   directed   downward*  at' 

*•*«>,;*'' \;  ~  the  eg^  descends  through  the  ovidaei. 
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In  the  third  division  of  the  oviduct  (/),  which  is  about  nine  centi- 
metres in  length,  the  longitudinal  folds  of  the  mucous  membrane  are 
narrower  and  more  closely  pucked  than  in  the  preceding  portion.  Its 
secretion  condenses  into  a  fibrous  covering,  loiuposed  of  three  layers, 
closclr  embracing  the  surface  of  the  albuminous  mass,  and  forming  a 
tough,  Hexiblc,  serai-opaque  envelope  for  the  whole.  These  layers  are 
known  as  the  external,  middle,  and  internal  fibrous  membranes. 

Finally  the  egg  passes  into  the  fourth  division  of  the  oviduct  (g), 
which  is  wider  than  the  rest  of  the  canal,  but  only  a  little  over  five 
centimetres  in  length.  Its  mucous  membrane,  which  is  covered  with 
abundant  leaf-like  villosities,  exudes  a  fluid  rich  in  calcareous  salts. 
The  external  fibrous  hiyer  is  permeat/cd  by  this  secretion ;  and  after- 
ward, owing  to  the  reab^orption  of  fluid,  the  calcareous  matter  is 
deposited  in  its  network.  The  deposit  goes  on,  growing  thicker  and 
more  condensed,  until  the  membrane  is  converted  into  a  white,  opaque, 
brittle,  calcareous  shell.     The  egg  is  then  forced  through  a  narrow  por- 
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tion  of  the  oviduct  (A),  and,  gradually  dilating  the  passages  by  its  conical 
extremity,  is  discharged  from  the  external  orifice. 

The  egg  of  the  fowl,  after  expulsion,  consists,  accordingly,  of  the 
yolk  and  vitelline  membrane,  with  various  additional  parts  acquired 
during  its  pa-ssage  through  the  oviduct. 

After  the  discharge  of  the  egg  there  is  a  partial  evaporation  of  its 
watery  ingredients,  which  are  replaced  by  air  penetrating  through  the 
pores  of  the  shell  at  its  rounded  extremity.  The  air  thus  introduced 
accumulates  between  the  middle  and  internal  fibrous  membranes,  form- 
ing a  cavity  or  air-chamber  (Fig.  IftS,  g),  at  the  rounded  end  of  the  egg. 
Very  soon,  the  external  layers  of  the  albumen  liquefy ;  and  the  vitellus, 
being  specifically  lighter,  rises  toward  the  surface  of  the  egg,  with  the 
cicatricula  uppermost.  This  part  presents  itself  almost  immediately  on 
breaking  open  the  egg  at  any  point  corresponding  to  the  equator  of  the 
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joik,  and  in  thus  placed  in  the  tnost  favorable  position  for  the  action  of 
warmth  and  air  in  thf  development  of  the  chick. 

In  <jaadruiK?d.s,  the  oviducts  present  a  further  modification.  Tli" 
which  is  orif^itiallv  of  minute  size,  is  retained  within  tho  genttu 
passag-es  during  the  developrnent  of  the  embryo.      While  the  upper 
part  of  the  oviduct,  a<*cordin[i:Iy,  is  narrow,  and  serves  merely  to  ti 
niit  the  epp  from  the  ovary,  and  to  supply  it  with  a  little  all)uminoB 
secretion,  the  lower  portions  are  much  enlarged,  and  adapted  for  tl 
protection  and  nourishment  of  the  embryo.     The  upper  and  narrow* 
portions  of  the  oviduct  are  known  as  the  "  Fallopian  tubes,"  from  Fal- 
lopius*  who  fifiit  described  them  in  the  human  female ;  while  the  lowi 
and  larger  portions  constitute  the  uterus.    The  two  halves  of  the  uter 
unite  with  each  other  on  the^  median  line  near  their  inferior  torminatio 
to  form  its  "body;"  while  the  ununited  parts  above  are  known  a^  i! 
"  cornua  "  or  horns. 

In  the  human  .species,  the  ovaries  consist  of  Graafian  follicles,  imbed- 
ded in  a  somewhat  dense  connective  ti.ssue,  .siupplicd  with  Mood-ves«»e'L-. 
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(I.  Body  of  the  uterus,     e.  Va^ua. 

and  covered  with  an  opaque,  yellowish-white  layer  of  fibrous  ti-    t 
called  the  "albugineous  tunic,"     Its  peritoneal  layer  is  reflected  iu  ihy 
usual  way  upon  the  blood-vessels  supplying  the  organ,  and  is  con- 
tinuous with  the  broad  ligaments  of  the  uterus ;  but  olsewbero  it  b 
closely  consolidated  with  the  albugineous  tunic. 

The  oviducts  commence  by  a  wide  expansion,  with  fring«il  edges, 
called  the  "fimbriated  extremity  of  the  Fallopian  tulx*."  For  nujei 
of  their  length  they  are  narrow  and  convoluted,  terminating,  on  each 
side,  in  the  body  of  the  uterus.  This  part  of  the  organ  is  so  much 
devclojxid  at  the  expense  of  the  cornua,  that  the  latter  hardly  appeu 
to  have  an  existence  in  the  human  species,  and  no  trace  of  them  is  vij 
hie  externally.  But  on  opening  the  uterus,  its  cavity  is  sseen  to 
somewhat  triangular  in  shape,  its  upper  corners  running  out  to  joi 
the  lower  extremities  of  the  Fallopian  tubes.    The  cornua  are  therrfore 


*  Opera  Omnia.    Francofurti,  1600.    ObBervationes  Anatomies,  p.  421. 
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consolidated  with  the  body  of  the  uterus,  and  cDvelopcd  iu  its  thick 
lAjer  of  muscular  fibres. 

The  mucous  memTirune  of  the  body  of  the  uterus  in  its  usual  condi- 
tion is  Buiooth,  of  a  rosy  color,  and  closely  adherent  to  the  subjacent 
muscular  tissue.  It  consiBts  of  tubular  follicles,  ranged  side  by  side, 
and  opening  on  its  free  surface.  Their  secretion  is  probobly  destined 
for  the  nutrition  of  the  embryo  during  the  early  periods  of  its  formation. 

The  cavity  of  the  body  of  the  uterus  terminates  below  by  a  eon- 
etricted  portion,  termed  the  os  internum,  by  which  it  is  separated  from 
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the  oopvix.  The  inner  surface  of  the  cervix  is  raised  in  prominent 
arranged  ut<ually  in  two  sets,  diverging^  on  each  side  from  a 
longitudinal  ridge;  presenting  the  appearance  known  as  the 
**arl)or  vitie  uterina.'*  The  follicles  of  this  part  of  the  uterine  mucous 
membrane  are  of  a  sac-like  form,  and  secrete  a  tenacious  mucus,  which 
tierves  during  gestatiou,  to  hUtck  up  the  cavity  of  the  cervix,  and  thus 
prevent  the  esca]>e  or  injury  of  the  egg. 

The  cervix  uteri  presents  inferiorly  a  second  constriction,  the  *•  os 
externum  ;"  and  below  this  comes  the  vagina,  constituting  the  lust  divi- 
of  the  female  generative  passages. 

The  accessory  female  organs  of  generation  consist,  therefore,  of  ducts, 
through  which  the  egg  is  transport^-d  from  within  outward,  varying  in 
development,  in  different  animals,  according  to  the  functions  which  they 
perform.  In  the  lower  orders,  they  serve  mainly  to  convey  the  egg 
to  the  exterior,  and  to  surround  it  more  or  less  abundantly  with  albu- 
minous secre^tions;  while  in  the  mammalia  and  in  man.  they  are  adapted 
to  the  more  important  office  of  retuining  the  egg  during  gestation  and 
providing  a  vascular  supply  for  the  nourishment  of  the  embryo. 


CHAPTER   III 


THE   SPEIiMATir  FLUID.  AND    THE  MALE   OHGANS  OF 
GENERATION. 


TIIK  mature  egg*  is  not  by  itself  capable  of  being  developed  into  n 
ombryo.    If  simply  dischar^red  from  t  li«^  ovary  and  carried  ihroujr! 


th«'  oviducts  to  the  oxterior,  it  dies  and  is  decomposed,  like  any  oih 
part  of  the  body  separated  from  ita  conncctiona.     It  is  only  when  fecia 
dated  by  the  spermatic  fluid,  that  it  acquires  the  capacity  for  continued 
development. 

The  product  of  the  male  fj:^.ncrativc  organs  is  a  colorless,  somewbi 
viscid,  albuminous  fluid,  containing  mi"  ute  filamentoui;  bodies,  thf/^jf 
matozoa.    They  have  received  thi ;  v.ai»e  on  account  of  their  active  a 
continuous  movement,  8uggeBtin,7  the  idea  of  independent  animal  or, 
ization. 

Anatomical  Characters  >>/  the  Spermatozoa. — The  j»permatozoa  ol 
man  (Fig.  Ififi,  a)  are  about  .04n  millimetre  in  length,  according  tot 
measurements  of  Kollikcr.  They  present  at  one  end  a  somewhat  fli 
tened,  triangular-  haped  enlargement,  termed  the  "heail,"  which  cons' 
tutes  about  one-ientb  part  of  their  length.  The  remaining  portion  is 
slender  filamentous  prolongation,  called  the  ''tail,"  which  tapers 
ually  backAvard,  becoming  toward  its  extremity  so  attenuated  that  it  i 
diflicult  to  be  ,€eii  c  eept  when  in  motion.  There  is  no  further  or; 
ization  viFiblc  in  the  spermatozoon  ;  and  it  appears  to  consist,  so 
as  can  be  seen  by  the  microscope,  of  a  homogeneous  subst-ance.  T 
terms  head  ,:id  tail  are  not,  used,  when  describing  the  spermatoioo 
in  the  same  sense  as  that  in  which  they  would  be  applied  to  the 
responding  parts  of  an  animal ;  but  simply  for  convenienot\  as  o 
might  spoiik  of  ihe  head  of  an  arrow  or  the  tail  of  a  comet. 

In  vertebrate  animals,  generally,  the  spermatozoa  are  sinnlar  in  foi 
to  those  vf  man  :  that  is.  they  are  filamentous  bodies,  with  the  an 
rior  extremity  more  or  less  enlarged.  In  the  rabbit,  the  bead 
roundish,  and  flftttened,  somewhat  like  a  blood  globule.  In  the  rat  (Pi 
lfi(),  b)  it  s  conical,  often  slightly  curved  at  its  anterior  extremity; 
the  whole  permatozoon  is  mueh  longer  than  in  man,  measuring  nearl 
0.20  milliictr  in  length.  Iii  amphibia  and  reptiles  generally. 
spermatozoa  .'^r^  longer  than  in  ijundrupeds;  and  in  Menobranch 
they  are  (Fig.  IGfi,  r),  n  t  less  tliiin  0.57  niillimetre  long,  about  one-tbi 
being  occupied  by  the  head  or  enlnrged  portion  of  the  filament. 

The  most  remarkable  jK-culiarity  of  the  spermatozoa,  visible  hy 
microscope,  is  their  movement.     In  u  drop  of  fresh  spermatic  flai 
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sufficiently  moiBtened  and  at  its  normal  temperature,  the  numberless 
Blaments  with  which  it  is  crowded  are  seen  to  be  in  incessant  motion. 
In  many  sperles  of  animals,  the 

movoment  of  the  fjpermatozoa  ^''®'  ^^' 

strongly  resenibltvs  that  of  a 
tadpole ;  particularly  in  the 
mammalia,  where  they  consist 
of  n  short,  well-defined  head, 
^nth  a  lon;r  and  slender  tuil. 
The  tail-like  filament  is  in  con- 
stant lateral  vibration,  by 
which  the  ppermatozoon  i^^ 
driven  from  place  to  place  in 
the  Rurrounding  fluid,  us^  a  fish 
or  a  tadpolo  i&  propelled 
through  the  water  In  other 
instancejs,  as  in  the  Triton,  or 
water-lizard,  the  spermatozon 
have  a  writhing  or  (jspirnl-lik*' 
movement;  presenting  a  pecu- 
liarly striking  appearance  when 
large  numbers  are  viewed  to- 
gether. 

Xotwithstanding  the  energy 
and  rapidity  of  thin  niovemctit, 
and  it**  resemblance  in  mechan- 
ism to  animal  locomotion,  it  has 
no  analogy  with  a  voluntary 
act. 

The  spermatozoa  tire  organic  forms,  produced  in  the  testicles,  and 
constituting  at  first  a  part  of  their  tissue.  Like  the  egg,  the  sperma- 
tozoon is  destined  to  be  discharged  from  the  organ  where  it  grew,  re- 
taining for  a  time  its  vital  jiropcrtics.  One  of  these  properties  is  it« 
power  of  movement;  but  this  does  not  indicate  the  poasegsion  of  in- 
dependent vitality,  and  is  not  even  a  proof  of  its  animal  origin.  The 
movement  of  a  spermatozoon  is  not  more  active  than  that  of  a  bac- 
t4?rinm  cell,  or  uf  the  eiliated  zoowpores  of  certain  fresh-water  alg«B. 
It  is  analogous  to  the  motion  of  a  ciliated  epithelium  cell  detached 
(^om  its  mucous  membrane,  which  will  sometimes  continue  for  many 
hours,  under  favorable  conditions  of  temi)erature  and  moisture.  The 
movement  of  the  sjM-rniatozoa  continues  for  a  time  after  their  separa- 
tion from  the  body ;  but  it  is  limited  in  duration,  and  after  a  certain 
interval  comes  to  an  end. 

In  order  to  preserve  their  vitality,  the  spermatozoa  must  be  kept  at 
or  near  the  normal  temperature  of  the  body,  and  protected  from  the 
contact  of  air  or  otlur  unnatural  fluids.  -  If  the  spermatic  fluid  be 
allowed  to  dry,  or  if  it  be  diluted  with  water,  in  the  case  of  birds  and 
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quadrupeds,  or  if  subjected  to  extremes  of  heat  or  cold,  the  mot 
the  Bperniatozoa  ceases,  and  they  soon  disintoprate. 

Formation  of  the  Sjtermatozoa. — The  teaticlea,  within  wiuch  the 
spermatozoa  are  produced,  are  the  characteristic  orgaoB  of  the  malr 
sex,  as  the  ovaries  arc  charueUristic  of  the  female.  In  man  aiid  inaiB- 
malia,  they  are  solid,  ovoid-shaped  bodies,  compo^sed  mainly  of  louj^i 
narrow,  convoluted  tubes,  the  "  seminiferouB  tubes/'  lying  for  the 
part  closely  in  contact  with  each  other,  and  separated  only  by  capil 
blood-vessels  and  a  little  conni'Ctive  tissue.  The  semlniferoos  tuU 
commence,  by  rounded  extremities,  near  the  external  surface  of  th 
testicle  and  pursue  an  intricately  convoluted  course  toward  its  cent 
and  posterior  part  They  are  not  strongly  adherent  to  each  other,  as 
may  be  readily  unravelled  by  manipulation. 

According  to  Kiilliker,  the  furmatiou  of  the  spermatozoa  takee 
within  peculiar  celJs  occupying  the  cavity  of  the  seminiferous  lubn. 
As  puberty  approaches,  beside  the  ordinary  pavement  epithelium  linii 
the  tuljes,  larger  cells  make  their  api>earance,  each  containing  from  oi 
to  twenty  nuclei,  with  nucleoli.     In  these  cells  the  spermatozoa 
formed ;   their  number  corresponding  usually  with  that  of  the  oelU^ 
nuclei.    They  are  developed  in  bundles,  held  together  by  the  mem- 
branous envelope  surrounding  them,  but  are  afterward    set   free  bj( 
the  liquefaction  of  the  cell-wall,  and  miugled  with  a  small  quantity  of 
transparent  fluid. 

While  in  the  seminiferous  tubes,  the  spermatozoa  remain  incloeed 
their  parent  vesicles;  they  are  liberated,  and  mingled  together,  oc 
I  after  entering  the  rete  testis  and  the  head  of  the  epididymis. 

Accessory  Male  Organs  of  Qeneration. — Beside  the  testicles, 
are  certain  accessory  organs  by  which  the  spermatic  fluid  ia  convey* 
to  the  exterior,  and  mingled  with  various  secretions  which  oaaist  in  tt 
accomplishment  of  its  function. 

As  the  spermatozoa  leave  the  testicle,  they  are  crowded  together 
an  opaque,  white,  semi-fluid  mass,  which  fills  the  vasa  efferentia.  am 
distends  their  cavities.  It  then  enters  the  single  duct  forming  the  Ixid) 
and  lower  extremity  of  the  epididymis,  following  the  tortuous  cours 
of  this  tube,  until  it  reaches  the  vas  deferens,  by  which  it  is  conreyt 
to  the  vesiculffi  seminalfs.  Throughout  this  course  it  ia  mingled  wit 
a  scanty  mucus-like  fluid,  secreted  by  the  epididymis  and  vas  defe 
The  vosJcula?  seminales  also  conlnin  a  fluid  secretion,  which 
some  secoortary  purpose  in  completing  the  formation  of  the  spenn. 
One  of  its  functions  is  no  doubt  to  dilute  the  mass  of  S{jermato2 
and  give  them  liberty  of  motion ;  as  well  as  to  increase  the  volt 
of  the  spermatic  fluid,  and  thus  enable  it  to  l>e  expelled  by  the  mi 
cular  contraction  of  the  ])arts  about  the  urethra.  Kolliker  has  foi 
the  spermatozoa  in  the  vas  deferens  and  epididymis  generally  quiesceni 
their  motion  being  exhibited  only  in  the  vesiculsB  aeminales  and  in  tl 
ejaculated  sperm. 

At  the  moment  of  its  evacuation,  the  sperm  first  passes  from 
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icute  scminalcs  into  the  prostatic  portion  of  the  urethra,  where  it 
meets  with  the  ^t-retion  of  the  prostate  gland,  then  poured  out  in 
unusual  abundance;  and  farther  ou,  there  are  added  the  secretions  of 
Cowper's  glands  and  of  the  remaining  mucous  follicles  of  the  urethra. 
AH  these  increase  the  votumo  of  the  spermatic  fluid,  and  serve  as 
vehicles  for  the  transport  of  the  spermatozoa. 

ConditionH  of  Fecundation  by  the  Spermatic  Fluid. — There  are 
several  conditions  which  are  essential  to  the  accomplishment  of  fecun- 
dation. 

First,  the  spermatozoa  must  be  present  and  in  a  state  of  vitality. 
Of  all  the  organic  ingredients,  derived  from  different  sources,  which 
go  to  make  up  the  spermatic  fluid,  the  spermatozoa  form  the  essential 
part.  They  are  the  fecundating  element  of  the  sperm,  while  the  rest 
perform  only  aceessorr  functions. 

Spallanzani*  found  that  if  frog's  sperm  l)e  passed  through  a  succes- 
sion of  filters,  so  as  to  separate  the  solid  from  the  lii|uid  portions,  the 
filtered  fluid  is  destitute  of  fecundating  prop«*rties;  while  the  sperma- 
tozoa entangled  in  the  filter,  if  mixed  with  a  sufficient  quantity  of 
fluid,  may  be  successfully  used  for  the  impregnation  of  eggs.  The 
removal  of  both  testicles  destroys  the  power  of  imprcgnuling  the 
female,  notwithstanding  that  all  the  other  generative  organs  may 
remain  uninjured.  The  spermatic  fluid,  furthermore,  must  be  in  a 
fresh  condition,  and  the  spermatozoa  must  retain  their  anatomical 
characters  and  dieir  active  moveuiL-nt.  The  experiments  of  Spallun- 
zani  have  shown  that,  if  the  above  conditions  be  preserved,  the  fluid, 
removed  from  the  spermatic  ducts  of  the  male,  is  capable  of  fecun- 
dating the  eggs  of  the  female.  But  if  ex]K>sed  for  a  certain  time  to 
the  atmosphere,  or  to  unnatural  temperatures,  it  becomes  inert.  80 
long  as  the  spermatoxoa  continue  in  active  motion,  Ihey  are  usiually 
found  to  retain  thL-ir  physiological  properties ;  the  cessation  uf  raove- 
ment  indicating  that  their  vitality  is  exhausted,  and  that  they  arc  no 
longer  capable  of  impregnating  the  egg. 

Secondly,  both  egga  and  spermatozoa  must  hare  arrived  at  a  certain 
degree  of  development  l>efore  fecundation  can  take  place.  Previous  to 
this  time  the  immature  eggs  are  incapable  of  being  impregnated,  and 
the  imperfectly  developed  spermatozoa  have  not  yet  acquired  their 
fecundating  power.  The  necessary  growth  takes  place  within  the 
generative  organs;  and  when  it  is  complete,  both  spermatozoa  and 
eggs  are  ready  to  be  discharged,  and  are  in  condition  to  exert  and 
receive  the  necessary  influence. 

The  fecundating  power  of  the  spermatozoa  is  exceedingly  active. 
Spallarizani  found  one-fifth  of  a  gramme  of  the  spermatic  fluid  of  the 
frog,  difl'used  in  water,  sufficient  for  the  impregnation  of  several  thou- 
sand eggs.  The  process  seems  to  he  accomplished  almost  instanta- 
neously, *'  since  eggs  which  were  allowed  to  remain  in  the  fecundating 


596 


RETRODUCTION. 


mixture  for  only  one  second  proved  lo  he  impregnated,  and  werr  aftpr- 
wanl  hatched  at  the  usual  period." 

Thirdly,  the  spermatozoa  must  come  in  direct  contact  with  the  ct'(» 
or  its  envelopes.  SpaJIauzaui  tirst  demonstrated  this  by  attuchlug  nm- 
ture  eggs  to  the  concave  sarface  of  a  watch-glasa,  which  he  placed,  ii)« 
verted,  over  a  second  watch-glass  containing  Hpermatic  fluids  The  cgjr«,j 
exposed  in  thi.s  way  for  several  hours  to  the  vapor  of  the  fluid  without 
touching  its  surface,  were  afterward  found  to  have  failed  of  inipregua-j 
tion ;  while  others,  which  had  been  moistened  with  the  same  spenuaii 
fluid,  became  developed  into  tadpoles. 

Finally,  in  the  act  of  fecundation  the  sp^^rmatozoa  penetrate,  througbl 
the  vitelline  nienihrane,  to  the  vitellus.     This  fact,  firsst  observed  bji 
Barry*  in  the  rabbit,  has  subsequently  boen  seen  by  Newport |  in  it 
frog,  by  Bischoff,  by  Coste,  by  Robin  J  in  a  Bpecies  of  leech,  by  Flint  j 
in  the  pond  pnail,  and  by  Wei],j|  iu  repeated  ins^tances,  in  the  rnbbiU 
According  to  some  of  these  obyervations,  the  penetration  of  the  .-^ier- 
matozoon  takes  place  by  a  small  orilice  or  "micropyle"  in  the  vit»Uiw 
membrane,  as  first  indicated  by  Barry.     In  others  no  such  orifice 
been  visible ;  the  s]U'rmatozoa  appearing  to  perforate  the  vitelline  menv 
brane  by  the  impulsive  movement  of  their  filamentous  extremity  (XeH> 
port).    Such  a  mode  of  penetration  \h  not  inadmissible,  eince  it  is  Imowaj 
that  the  much  larger  embryos  of  taenia  and  trichina  make  their  wayi 
without  difficulty  throujrh  the  substance  of  the  intestinal  mucous  inem*-^ 
brane. 

After  their  arrival  in  the  vitelline  cavity,  the  spermatozoa  disappctfj 
as  distinct  organic  elements.  Their  substance  unites  with  that  of  lb 
vitellus ;  and  thenceforward  the  fecundated  eg:^  is  derived  from  botbj 
male  and  feintile  organisms.  The  ^rri'ater  portion  of  its  material  is  pro! 
duced  by  the  female ;  but  that  which  is  supplied  from  the  i^teniinal  fila-'j 
ments  of  the  male  is  ec|u«lly  essential  for  the  production  of  an  erabrTOij 
The  offspring,  aecordingly,  may  exhiltit  resemblances  to  either  or  botlkj 
of  the  parents,  since  it  originates  from  both  the  generative  product?. 

Union  cf  the  Sexes. — In  most  animals  there  is  a  periodical  develop-] 
ment  of  the  testicles  in  the  male,  corresponding  in  time  with  that  of 
ovaries  in  the  female.     As  the  ovaries  enlarjre  and  the  eggs  ripen  ii 
one  sex,  the  testicles  of  the  other  increase  in  size,  and  become  tnrgi< 
wltii  spermatozon.     The  accessory  organs  of  generation  at  the  sani« 
time  exhibit  an  unusual  activity  of  nutrition,  increasing  in  vascularit/j 
and  prpi)!iring  to  perform  their  pnrt  in  reproduction. 

In  fishes,  as  a  rule,  the  testicles  ot-eui^y,  in  the  abdomen  of  the  male 
the  same  relative  position  as  the  ovaries  in  the  female ;  and,  as  tbej 


♦  Philosoiiliica]  TmnsactioiiR.    London,  1840,  p.  633,  and  1848,  p.  33. 
t  r.id.,  1S53,  p.  271. 

t  Journal  de  la  Phvfliobgie  de  t'Hoitime  et  des  Animaux.    Paris,  1862,  tome  ▼<,' 
p.  80. 

i  Physiology  of  Man.    New  York.  1874,  vol.  v.,  p.  352, 
II  Btricker's  Mediciuiacher  Juiirbiiutier.     Wit-'U,  1873,  p.  18. 
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become  distended  with  their  coiiU'nts,  they  project  iuto  the  peritoneal 
cavity.  Each  of  the  sexes  is  then  under  the  influence  of  a  correspond- 
ing excitement.  The  unusual  development  of  the  reproductive  nrjyrans 
react*  upon  the  greneral  syj^teni,  pnnineing-  a  peculiar  eouditiou,  known 
n»  "erethism."  The  femak!,  distended  with  egg»,  feels  the  stimulus 
which  leads  to  their  expulsion  ;  while  the  mole,  bearing:  the  weight  of 
i<he  enlarged  testicles  and  the  accumulation  of  newly-develoiKid  sper- 
matozoa, is  iji>p«'!l<'d  by  a  similar  sensation  to  the  <liscliarge  of  the 
ttpermatic  fluid.  The  two  sexes  are  led  by  instinct  at  this  season  to 
frequent  the  same  situations.  The  female  deposits  her  eggs  in  sotno 
spot  favorable  to  their  protection  ond  development;  after  which  tin- 
male,  appan-ntly  atlract«id  and  stimulated  by  the  sight  of  the  n«iw-laid 
1  <'ggs.  discharges  upon  them  the  spermatic  fluid,  and  thus  effects  their 
impregnation.  It  is  in  this  way  that  fcciindatiuu  takes  place  in  uearly 
all  the  osseous  fishes. 

In  instances  like  the  abovi-,  where  the  male  and  f«'nmle  generative 
products  are  discliarged  separateh',  their  subse<jueiit  contact  wuuld 
Heem  t^i  be  dependent  on  fortuitous  circumstances,  and  impregnation, 
therefore,  liable  to  fail.  But,  in  fact,  the  simultaneous  excitement 
of  the  sexes,  leading  them  In  aHcetid  the  same  rivers  and  to  frequent 
the  same  localities,  provides  Avith  sufficient  certainty  for  Impregnation. 
The  number  of  eggs  produced  by  the  female  is  also  very  large,  the 
ovariee  being  often  so  distended  as  nearly  to  fill  the  abdominal  cav- 
ity;  eo  that,  although  many  eggs  may  be  flocideiitally  lost,  a  sufficient 
number  are  still  impregnated  to  provide  for  the  continuation  of  the 
species. 

In  cartilaginous  fishes,  as  in  sharks,  rays,  and  skates,  an  actual  con- 
tact takes  place  between  the  sexes,  and  the  spermatic  fluid  of  the  male 
is  introduced  into  the  female  generative  passages.  Thus  the  eggs  are 
fecundated  within  the  body  of  the  female,  and  in  many  species  go 
through  with  a  nearly  complete  development  in  this  situation  and  the 
young  are  Ixirn  alive. 

In  the  frog,  the  male  fastens  himself  on  the  back  of  the  female  by 
means  of  the  anterior  limbs,  which  retain  their  hold  by  spasmodic  con- 
traction. This  continues  for  one  or  more  days,  during  which  time  the 
mature  eggs,  after  being  discharged  from  the  ovary,  are  pttssing  through 
the  oviduct.^.  As  they  are  expelled  from  the  anus,  the  spermatic  fluid 
18  discharged  upon  them,  and  impregnation  takes  place. 

In  serpents,  lizards,  and  turtles,  the  sperm  is  introduced  into  the 
female  generative  passage  at  the  time  of  copulation,  V>y  means  of  an 
erectile  male  organ.  Of  these  animals,  some  lay  their  eggs  immedi- 
ately after  fecundation,  others  retain  them  until  the  embryo  b  partly 
developed. 

In  birds,  the  spermatozoa  are  introduced  into  the  sexual  orifice  of  the 
female,  and  make  their  way  into  the  upper  portion  of  the  oviduct,  where 
they  may  Ix^  found  in  active  motion,  mingled  with  the  secreted  fluids 
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of  this  part  of  the  canal.*  The  vitellus  is  thus  fecandated  immediately 
upon  it«  discharge  from  the  ovary,  and  before  it  has  become  surrounded 
with  the  albuminous  envelopes  supplied  by  the  oviduct. 

Lastly,  in  man  and  mammalians,  where  the  impregnated  egg  is 
retained  within  the  body  of  the  female  during  the  whole  of  it«  devel- 
opment, the  spermatic  fluid  is  introduced  into  the  vagina  and  uterus 
by  sexual  congress,  and  meets  the  egg  at  or  soon  after  its  discharge 
from  the  ovary.  A  close  correspondence  between  the  periods  of  sexasl 
excitement,  in  the  male  and  the  female,  is  visible  in  many  of  these  ani- 
mals, as  well  &9  in  fish,  birds,  and  reptiles.  This  is  the  ease  in  most 
species  which  produce  young  but  once  a  year,  as  the  deer,  the  wolf, 
and  the  fox.  In  others,  such  as  the  dog,  the  rabbit,  and  the  guinea-pig, 
where  several  broods  of  young  arc  produced  annually,  or  where,  as  in 
man,  the  generative  epochs  of  the  female  recur  at  short  intervals,  the 
time  of  impregnation  is  comparatively  indefinite,  and  the  generative 
apparatus  of  the  male  is  almost  constantly  in  full  development.  It  is 
excited  to  action  at  particular  periods,  apparently  by  some  influence 
derived  from  the  condition  of  the  female. 

In  quadrupeds  and  in  man,  the  contact  of  the  sperm  with  the  egg, 
and  the  fecundation  of  the  latter,  take  place  in  the  generative  passages 
of  the  female ;  either  in  the  uterus,  the  Fallopian  tubes,  or  on  the  sur- 
face of  the  ovary — ^in  each  of  which  situations  the  spermatozoa  have 
been  found  after  sexual  intercourse. 

*  Foster  and  Balfoor,  Elements  of  Embiyolog^.    London,  1874>  p.  2L 
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CHAPTER  IV. 
OVULATION  AND    MEN STR  V A  TIO N. 

OTulatioiL 

THE  poriodical  ripcning^  of  the  ep;gs  and  their  discharge  from  the 
ovaries  constitute?  th^  process  of  "  ovnlation,"  which  may  be  con- 
sidered as  the  primary  act  of  reproduction.  Itt*  characteristic  phenom- 
ena depend  on  the  following  general  law:*,  which  apply  with  but  little 
variation  to  all  classcg  of  animals. 

1.  Efjgs  exiM  on'ffinallij  in  the  ovarii'S,  as  part  of  their  structure. 
In  fish,  reptiles,  and  birds,  the  ovary  is  comparatively  simple,  consist- 
ing only  of  Graafian  fallides,  united  by  connective  tissue,  and  thus 
aggregated  into  the  form  of  a  rounded,  elongated,  or  lobulated  organ. 
Id  the  mammalians  and  in  man,  its  essential  constitution  is  the  same; 
but  its  connective  tissue  i»s  den.Ker  and  more  abundant,  and  its  texture 
more  compact.  In  all  classes  each  Graafian  follicle  contains  an  egg, 
which  varies  in  size  in  different  spc'cice  and  at  diflTerent  periods  of 
growth. 

The  process  of  reproduction  is  not  essentially  different  in  oviparous 
and  viviparous  animals.  In  the  oviparous  classeis,  including  most  fishes 
and  reptiles  and  all  birdn,  the  female  produces  an  egg,  of  considerable 
size,  from  which  the  young  is  afterward  hatched  ;  while  in  those  which 
arc  viviparous  the  young  is  brought  forth,  already  formed  and  alive, 
from  the  body  of  the  female.  But  examination  shows  that  the  ovaries 
of  viviparous  animals  alcin  contain  eggs,  analogous  to  those  of  the 
ovipara,  though  of  smaller  size  and  comparatively  simple  structure. 

The  distinction  between  the  two  classes,  so  far  as  regards  the  process 
of  reproduction,  is  therefore  apparent  rather  than  fundamental.  In  the 
oviparous  fish,  reptiles,  and  birds,  the  e^^  is  discharged  before  or  im- 
mediately after  impregnation,  the  embryo  being  developed  and  hatched 
externally.  In  quadrupi'ds  and  in  man,  on  the  other  hand,  the  vgf^  is 
retained  within  the  body  of  the  female  until  the  formation  of  the 
embryo  is  complete ;  when  the  membranes  are  ruptured  and  the  young 
expelled.  But  in  all  instances,  the  young  is  produced  from  an  (^fi^^\ 
and  the  egi:;,  though  presenting  variations  of  size  and  structure,  always 
consists  essentially  of  a  vitellus  and  a  vitelline  membrane,  and  is  first 
formed  In  the  interior  of  an  ovarian  follirle. 

The  (}^ff  is  accordingly  a  part  of  the  ovarian  tissue.  It  exists  before 
the  generative  function  is  establishftd,  and  during  the  earliest  periods 
of  life.  It  is  found  without  difficulty  in  the  newly-born  female  infant, 
and  may  even  be  detected  in  the  fcetus  before  birth.     Its  nutrition  ia 
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provided  for  in  the  same  manner  with  that  uf  ntlit^r  nnrts  nf  ihc  h<,<]\\v 
Structure. 

2.  7^e  ovarian  eggs  become  more  fully  dirciojjt'd  at  a  certain  wjtr 
when  the  generative  funclion  is  about  to  t>e  egfnblished.     During  the 
early  periodic  of  life,  tlie  ovaries  and  their  contents,  like  many  otherJ 
organs,  are  imperfectly  developed.    They  exist,  but  tbey  are  as  yet  iacsw^j 
pable  of  fiinetional  acrtivity.     In  the  young  chick,  the  ovary  is  small;! 
and  the  <yg^R,  instead  of  presenting  a  voluminous,  yellow,  o)>a<]ue  v\h-U\ 
Ins,  arc  minute,  transparent,  and  colorless.     In  young  quadrupeds,  aodj 
in  tbo  human  female  during  infancy  and  childbood,  the  ovaries  are] 
equally  quiescent.     They  are  Bmall,  friable,  and  of  nearly  bomojreneoaft 
ap]>('aranee  to  the  naked  eye  ;  presenting  none  of  the  enlorgfMJ  fnllielM, 
filled  with  transparent  fluid,  which  afterward  Itt'come  a  cbaracttTisiicj 
feature  of  their  t^trueture.      At  this  time,  accordingly,  the  ovarieo  are-l 
inactive,  the  eggs  which  they  contain  immature,  and  the  female  inca-| 
pablo  of  bearing  young. 

But  at  a  certain  period,  which  varies  in  the  time  of  its  occurrcnca^ 
in  different  species,  the  sexual  apparatus  enters  upon  a  state  of  activity.  [ 
The  ovaries  increase  in  size,  and  their  egga,  which  have  previously] 
remained  quiescent,  take  on  a  rapid  growth,  the  structure  of  the  vit«tllu«{ 
being  compl<'ted  by  a  dejK>sit  of  semi-opaque  granular  matter  in  it4 
substance.    In  this  condition,  the  eggs  are  ready  for  impregnation,  and 
the  female  becomes  capable  of  bearing  young.    She  is  then  said  to  hare 
arrived  at  the  state  of  "puberty,"  in  which  the  generative  organ.i?  are, 
fully  developed.    This  change  is  accompanied  by  a  corresponding  altera- j 
tion  in  the  system  at  large.     In  many  birds,  the  plumage  assumra 
more  varied  and  liriliiniit  colors;  and  in  the  common  fowl,  the  comb,j 
or  "crest,"  enlarges  and  becctmes  red  and  va-*=cular.     In  the  Amcrictto 
deer  (Cervus  virginianus),  the  coat,  which  during  the  tirst  year  is  moul 
tied  with  white,  ehunges  in  the  second  year  to  a  reddish  tinge.     Inf 
nearly  all  species,  the  limbs  become  more  compact  and  the  body  moi 
rouudt'd  ;  and  the  whole  external  appearance  is  so  altered  as  to  indientf 
that  the  animal  has  arrived  at  the  period  of  pulnTty,  and  is  capikL 
of  reproduction. 

3.  In  the  adult  female,  successive  crops  of  eggs  ripen  and  are-^ 
charged  by  rupture  of  the  (f  ran fian  follicles.      The  eggf^  are  not  only] 
formed  and  attain  their  growth  within  the  ovaries,  but  tbey  are  ti\s<A 
ripened  and  dischargi-d,  irrespective  of  sc.xiuil  intercourse,  from  ihftj 
independent  functional  activity  of  the  female  organism.      In  rnanj 
fishes  and  reptiles,  the  mature  eggs  leave  the  ovary,  pass  through  tl 
oviducts,  and  are  discharged  before  coming  in  contact  with  the  spert 
atic  fluid  of  the  male.     The  domestic  fowl,  if  well  supplied  with  nool 
isbuient,  will  continue  to  lay  egga  without  the  presence  of  the  cock] 
only  these  eggs,  not  having  been  fecundated,  cannot  produce  chicks 
In  oviparous  animals,  then-fore,  the  discharge  of  the  egg,  as  well 
its  formation,  may  take  place  independently  of  sexual  intercourse. 

This  is  also  true  of  the  rivipara.     The  observations  of  Biscboff, 
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Pouchot,  ami  Costo,  on  the  sheep,  the  pig,  the  bitch,  and  the  rabbit, 
have  demoustratc'd  thai  if  the  female  be  k«*pt  from  the  male  until  ufler 
puberty,  and  then  killed,  examination  of  the  ovaries  will  sontetimes 
show  that  Graafian  follicles  have  matured,  ruptured,  and  dischar/jod 
their  eggs,  thou.q-h  no  sexual  intercourse  has  taken  place.  Sometimes 
the  follicles  are  found  distended  and  prominent  on  the  surface  of  the 
ovary  ;  sometimes  recently  ruptured  and  collapsed ;  or  in  various?  tita^es 
of  cicarrization  and  atrophy.  Bischoff,*  in  several  instances  of  this 
kind,  found  the  uuimpregnutod  fggn  in  the  oviduct,  on  their  way  toward 
the  aterus.  In  species  whore  the  ripening  of  the  egga  takes  place  at 
short  intervals,  as  in  the  shwp,  the  pig,  or  the  cow,  it  is  very  rare  to 
examine  the  ovarie.^  without  fiudinj^  traces  of  a  more  or  less  recent 
rupture  of  Grautian  follicles. 

One  of  the  most  important  facts,  derived  from  these  observations,  is 
that  the  ovarian  vg'^s  bi*come  developed  and  are  discharged  in  succes- 
sive crops,  and  at  regular  intirvab.  In  the  ovary  of  the  fowl  ( Fig.  162), 
it  may  be  seen  at  a  gluju*-  ihut  the  t^ggs  grow  and  ripen,  one  after  the 
other,  like  fruit  upon  a  vine.  In  this  instance,  the  proc^ess  of  evolution 
la  rapid;  and  it  Is  easy  fo  distinguish,  at  the  same  time,  eggs  which 
are  almost  microscopic  in  sizv,  uolorlc-^s,  juid  transparent;  those  which 
are  larger,  somewhat  opaline,  and  yellowish;  and  Hnally  those  which 
are  fully  developi'd,  of  a  deep,  o|>a«iue  orange  hue,  and  nearly  ready  to 
leave  the  ovary. 

The  difference  betw^'cn  the  undeveloped  and  mature  eggs,  in  the  fowl's 
ovary,  consists  mainly  in  the  size  of  the  vitellus ;  and  the  ovarian  fol- 
licle is  distended  and  ruptured,  and  the  egg  finally  set  fVoe,  owing  to 
the  pressure  of  the  rnlarged  vitellus. 

In  man  and  mammalians,  on  the  other  hand,  the  microscopic  egg 
never  heconies  large  enough  t<i  distend  the  Graafian  follicle  by  its  own 
size.  The  rupture  of  the  follicle  and  th^-  liberation  of  the  egg  are  pnv 
vided  for,  in  these  instances,  by  the  following  mechanism. 

In  the  earlier  |K'riiMis  of  lif»-,  in  man  and  nnunnuiJians.  the  rftg  is 
contained  in  a  (}raatian  follicle  which  closely  end)rares  its  exterior,  Vn-ing 
hardly  larger  than  the  egg  itself.  As  puberty  approaches,  the  follicles 
sitnntnd  near  the  surface  of  the  ovary  l>ecomc  enlarged  by  the  accumu- 
lation of  serous  fluid  in  Ihfir  cavity.  At  that  time,  the  ovary  contains 
a  numbrr  of  transparent  vesicles,  the  sniullesi  of  which  are  deep  seated, 
and  which  increase  in  size  as  they  «pproa<'h  the  free  surface  of  the 
organ.  These  are  the  GriMfian  follicles,  which  gradually  enlarge  in 
consequence  of  the  ndvBucing  maturity  of  their  eggs. 

The  Gniafian  follicle  then  consist**  of  a  closed  sac,  the  external  wall 
of  which,  though  translucent,  has  a  fibrous  texture,  and  is  well  supplied 
with  blood-vessels.  This  fibrou-<  and  vascular  wall  is  distinguished  by 
the  name  of  the  "  vesicular  nienibrutje."  It  is  not  very  firm  in  texture, 
and  if  roughly  handled  is  easily  ruptured. 
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The  vesicular  membrane  is  lined  throaghont  by  a  layer  of  granohr 
cells,  which  form  for  it  u  kind  of  epithelium.  This  layer  is  temed 
the  membrana  granuloHa.  Ii  adheres  but  slightly  to  the  vesicular  luen* 
brane,  and  raay  easily  Ije  detached  by  manipulation  l»efore  the  fulllck 
is  opened,  when  it  ajipears  mingled,  in  the  form  of  light  flakes  and 
shreds,  with  the  serous  fluid  of  the  foUicle. 

At  the  most  superficial  part  of  the  Graafian  follicle  the  m^mhraiia 
granuIorJH  ij^  thicker  than  elf^ewhere.     Itsi  cells  are  here  accumulate*!,  in 
a  kind  of  mound  or  "  heap,''  which  has  received  the  name  of  the  rumu-j 
lits  proligerus.      It  is  also  called  the  discus  proHgerne,  bccau^te  lh» 
thickened   mass,  when  viewed  from  above,  has  a  circular  or  dtsk-lik^j 
form!     In  the  centre  of  the  discus  proligerus  the  eg^  is  imbedded.     Ill 
is  accordingly  always  situated  at  the  most  superficial  portion  of  tbej 
foUicle,  nearest  the  surfa<.'e  of  the  ovary. 

As  the  period  approaches  for  the  discharge  of  the  eg^,  the  Graafiao 
follicle  becomes  tnore  vascular,  and  enlarges  by  an  increased  exudatioa 
into  xiB  cavity.  It  then  begins  to  project  from  the  surface  of  the  ovarr. 
still  covered  by  the  albugineous  tnnic  and  its  peritoneal  investmeni. 
(Fig.  167.)  The  accunitilatioa  of  tluid  exerts  such  a  pressure  from 
within,  that   the  albugineoiis  tunic  and  peritoneum  gradually  yield 
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QSJLAnAlT  FoLUCuc,  near  the  period  of  rupture. — a.  Vralcular  membntno.  h.  Membrans  fxmao> 
loM.  c.  CuTUy  of  follicle.  <i.  Egg.  c  Peritoneal  surface.  /  Tunica  ftlboglnea.  ff.a.  "nmuKt 
the  ovary. 

before  it ;  until  the  Graafian  follicle  protrudes  from  the  ovary  as  a 
tense,  rounded,  translucent  vesicle,  in  which  fluctuation  can  be  perceived 
on  applying  the  fingers  to  its  surface.  Finally,  the  process*  of  eflfnsion 
and  distention  still  going  on,  the  wall  of  the  folKele  gives  way  at  il»j 
most  prominent  portion,  and  the  contained  fluid  is  expelled  by  thei 
elastic  reaction  of  the  ovarian  tif^suc,  carrying  with  it  the  egg,  entangled 
in  a  portion  of  the  menibrana  granulosa. 

The  rupture  of  the  Graafian  follicle  is  accompanied,  in  some  instances, 
by  hemorrhage  from  its  inner  surface,  by  which  it  is  filled  with  blood. < 
This  occurs  in  the  human  species,  in  the  pig.  and  to  some  extent  in( 
several  other  animals.     Sometimes,  as  in  the  cow,  where  there  is  no-J 
immediate  hemorrhage,  the  Graafian  foUicle  collapses  at  the  time  of 
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rupture;  after  which  a  flight  exudation,  more  or  less  tinged  with  blood, 
is  poured  out  in  the  course  of  a  few  hours. 

This  process  occurs  in  one  or  more  follicles  at  a  time,  according  to 
the  number  of  young  to  be  produced.  In  the  bitch  and  the  sow, 
where  each  litter  consists  of  from  five  to  twenty  young,  a  similar  num- 
ber of  eggs  ripen  and  are  di.scharged  at  each  period.  In  the  mare,  the 
cow,  and  the  human  female,  where  there  is  usually  but  one  fcetuB  at  a 
birth,  the  eggs  arc  nuit\ired  singly,  and  the  Graafian  follicles  ruptured, 
one  by  one,  at  Buccessive  periods  of  ovulation. 

4.  Thif  ripening  and  discharge 
of  tke  egg  are  accompanied  by  a  ^'iti.  108. 

peculiar  condition  of  the  general 

y^etem,   Inoun   as  *' rutting,^*  or 

"  oeetruation.''  The  congestion 
and  functional  activity  shown  by 
the  ovaries,  at  each  period  of  ovu- 
lation, extend  to  the  other  genera- 
tive organs,  producing  in  them 
more  or  less  excitement,  according 
to  the  species  of  animal.  Usually 
there  is  vascular  congestion  of  the 
entire  generative  apparatus.  The 
secretions  of  the  vagina  and  neigh- 
Ijoring  parts  are  increased  in  quan- 
tity and  altered  in  quality.    In  the 

bitch,  the  vaginal  mucous  membrane  becomes  red  and  tumefied,  and  pours 
out  a  secretion  more  or  less  tinged  with  blood,  and  jwssessinga  peculiar 
odor,  which  appears  to  attract  the  male.  An  unusual  tumefaction  and 
redness  of  the  vagina  and  vulva  are  also  percept ible  in  the  rabbit ;  and 
in  some  apes  there  is  not  only  a  bloody  discharge  from  the  vulva,  but 
engorgement  and  infiltration  of  the  neighboring  parts,  extending  to 
the  buttocks,  the  thighs,  and  the  under  part  of  the  tail.* 

The  system  at  large  is  also  afTectod.  In  the  cow,  the  approach  of  an 
OBstrual  period  is  marked  by  unusual  restlessness.  The  animal  partially 
loses  her  appetite.  She  frequently  stops  browsing,  looks  about  un- 
easily, runs  from  one  side  of  the  field  to  the  other,  and  then  recom- 
mences feeding,  to  be  again  disturlicd  in  a  similar  manner  after  a  short 
interval.     The  motions  are  rapid  and  nervous,  and  the  hide  rough  and 

'disordered,  indicating  the  presence  of  some  special  excitement.  After 
CBstruation  is  fully  establiishi'd,  the  vag-inal  secretions  continue  for  one 
or  two  days  unusually  al»uiidant ;  after  which  the  !?ymptoms  subside, 
and  the  animal  returns  to  her  usual  condition. 

In  the.se  animal"*  the  femali-  will  allow  the  approach  of  the  male  only 
during  or  immediately  after  the  cestrual  period ;  that  is,  when  the  egg 
is  recently  discharged,  and  ready  for  impregnation.     At  other  times, 
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Bt  o.  Ihc  egg,  just  clLtcbari^,  wiUi  b  portion  of 
tho  inembrBiiB  grmnuiaea. 


•  Poacliet,  Tbtorie  pwitire  de  rovulation.     Paria,  1847,  p.  230. 
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when  eexital  intorcouree  would  bo  fruitless,  tho  instinct  of  tlje  aaim&l 
leada  her  to  avoid  it ;  and  the  concourse  of  the  sexes  accordingly  cor- 
responds in  time  with  the  matTirity  of  the  egg  and  its  a.ptitnde  for 

fecuodutiou. 

Menstmation. 

lu  till'  human  female,  the  periodical  excitement  of  the  avnerative , 
appuratus  is  marked  by  a  group  of  phenomena  known  as  menstruation^ 
wLicIa  are  of  sufRcient  imp<irtani;e  to  be  dewcribed  by  themselrcg. 

During  iufauey  and  childhood  the  sexual  gystem  is  inactiTC.     No! 
eggs  are  dischargwl  from  the  ovaries,  and  no  external  phenomena  show 
theniselve.H,  eoiinectfd  with  the  reproductive  function. 

But  at  the  age  of  fourteen  or  fifteen  years,  a  change  becomes  visible. 
The  outlines  of  the  body  grow  more  rounded,  the  breasts  increase  in 
size,  and  the  entire  acix'ct  undergoes,  a  peculiar  alteration,  dependant  on 
the  approach  of  maturity.  At  the  same  time  a  discharge  of  blood  takes 
place  from  the  generative  passages,  accompanied  by  some  distnrhanc» 
of  the  general  system,  and  the  female  is  tlien  known  to  have  arrived 
at  the  iKTiod  of  puberty. 

Afterward,  the  discharges  reeur  nt  intervals  of  four  weeks ;  and,  ftota 
their  correspondence  in  time  with  successive  lunar  months,  they  are 
designated  as  the  "menses'' or  "  uienstrual  |>eriods,'*     These  periods' 
are  usually  regular  in  recurrence,  from  their  first  apin-arance,  until  alMut^ 
the  age  of  forty-five  years.     Daring  this  time  the  female  is  capable  of  | 
bearing  children,  and  sexual  intercourse  is  liable  to  l)e  follow<*d  by 
pregnancy.     Aft«'r  the  forty-fift!i  y^'ur,  tlir  pcrioils  first  become  irn-g-' 
ular,  and  then  cease;  their  final  disappearance  being  an  indication  that 
pregnancy  cannot  again  take  place. 

Between  the  ages  of  fifteen  and  forty-five  years,  the  regularity  of  1 
the  menstrual  peri«>ds  indiratcs  to  a  great  extent  the  individual  apti- 
tixle  for  impregiuition.  All  causes  of  ill  health  which  derange  men- 
struation are  also  apt  to  interfere  with  pregnancy  j  and  women  wboM 
jiK'nscH  are  regular  are  more  likely  to  bi^come  pregnant,  after  sexual 
inti-reourse,  than  those  in  whom  the  periods  are  absfut  or  irregular. 

"When  pregnancy  t«kes  place,  however,  thi-  menses  are  su!^pendcd 
during  its  continuance,     Tht-y  usually  remain  absent,  after  delivery, 
until  the  end  of  lactation,  when  they  recommence,  and  recur  at  rvgnlar  j 
intervals,  as  before. 

When  the  menstrual  jieriod  is  about  to  come  on,  the  female  is  usually 
affectrd  with  some  degree  of  discorafrtrt  and  lassitude,  a  sense  of  weight 
in  the  pelvis,  and  a  more  or  less  disinclinatinn  to  society.  These  srrap- 
toms  are  in  some  instances  slightly  pronounced,  in  others  more  distinct, 
A  discharge  of  vaginal  naicus  then  licgins  to  fake  place,  soon  ln'conanj* 
yellowish  or  rusty-brown  in  color,  from  the  admixture  of  blood ;  and 
by  the  second  or  third  day  it  has  the  appearance  of  nearly  pure  blood. 
The  unpleasant  sr>nsations,  at  first  manifest,  th^n  usually  subside;  and 
the  discharge,  after  continuinir  for  two  or  throe  days  longer,  grows 
more  scanty.     Its  red  color  diminishes  in  intensity,  becoming  brown- 
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ISO  or  rusty,  until  it  finally  disappcarfi,  and  the  process  comos  to  an 
end. 

The  menstrual  periods  of  the  human  female  correspond  with  those 
of  oestruation  in  animals.  Like  them,  they  are  absent  in  the  immature 
cooditioD,  and  lx;gin  only  at  the  time  of  puberty,  when  the  aptitude 
for  impregnation  commences.  Lite  them,  they  recur  during-  the  child- 
bearing-  period  at  regular  intervals,  and  are  liable  to  the  eame  inter- 
ruption by  prejrnancy.  Finally,  their  disappearance  corresponds  with 
the  cessation  of  fertility. 

The  |)eriods  of  oestruation,  in  many  animal»,  are  accompanied  with 
an  unusual  discharj^-o  from  the  g-enerative  passapres,  freciuently  more 
or  less  ting-ed  with  blood.  In  the  human  female  the  blood}'  discharge, 
though  more  abundant,  differs  only  in  degree  from  that  which  exists 
in  other  instances. 

But  the  most  complete  evidence  that  the  menstrual  periods  coincide 
with  ovulation,  is  derived  from  direct  observation.  A  suflicient  num- 
ber of  instances  have  bt^en  recorded  to  show  that  at  the  time  of  men- 
struation a  Graafian  follicle  becomes  enlarged,  ruptures,  and  discharges 
its  egg.  Cruikshank*  noticed  such  a  case  in  1797.  XeL'rierf  relates 
two  instances  in  which,  after  sudden  death  during  menstruation,  a 
bloody  and  ruptured  Graafian  follicle  was  found  in  the  ovary.  Bis- 
choflF  J  speaks  of  four  similar  ca.ses,  in  three  of  which  the  follicle  was 
just  ruptured,  and  in  the  fourth  di-tfudcd,  prominent,  and  ready  to 
burst.  Coste§  met  with  several  of  the  same  kind.  Michel  ||  found  b 
follicle  ruptuH'd  and  filled  viitb  blood  in  a  woman  who  was  executed 
for  murder  while  the  menses  were  present.  Two  instances  are  reported 
by  Letheby,^  in  one  of  which  he  succeeded  in  finding  the  ovura  in  the 
corresponding  Fallopian  tube.  We  have  also  met  with  two  instances 
of  Graafian  follicles  fireshly  ruptured  and  filled  with  blood,  in  women 
who  died  during  or  immediately  after  menstruation. 

Ovulation,  accordingly,  in  tht-  human  fi'inale,  accompanies  and  forms 
a  part  of  menstruati<ui.  As  the  menstrual  period  comes  on,  a  congestion 
takes  place  throughout  the  generative  apparatus  ;  in  the  Fallopian  tubes 
and  the  uterus,  as  well  as  in  the  ovaries  and  their  contents.  One  of  the 
Graafian  follicles  is  es{>i'cially  the  seat  of  vascular  excitement.  It  Imv 
comes  distended  by  the  accumulation  of  fluid  in  its  cavity,  projects  from 
the  surface  of  the  ovary,  and  is  finally  ruptured ;  the  process  taking 
place  essentially  as  in  mammalian  nnimal.^i. 

It  is  not  certain  at  what  precj.^ie  time  during  the  menstrual  flow  the 
rupture  of  the  follicle  takes  place.  According  to  Bis<'holf,  Pouchet,  and 
Baeiborski,  it  usually  happens,  not  at  the  commencement,  but  toward 


•  Philoirophical  TrsinBactions.     London,  1797,  p.  135. 

t  Rechcrchcfl  sur  les  Ovaires.     P«ri»«,  1840,  p.  78. 

X  Annalea  ties  Sciencen  Naturelles.     Paris,  AoOt,  1844, 

I  Hi«(oir<?  dn  T>(?velo|ii>ment  ties  Corps  Orfniii«^.     Paris,  1847,  tome  i.,  p.  22L. 

II  American  J^nirnal  of  the  Medical  S(»ience«.     Phitadelpiiiaf  July,  1848. 
f  PhiloaupLical  Traiieactioi»H.     London,  1852.  p.  57. 
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the  termination  of  the  }>eriod.  According  to  Coste,*  it  is  sometimes 
earlier,  sometioies  later.  So  far  as  we  can  determine,  its  precise  period 
is  not  invariable.  Like  the  menses  themselves,  it  may  be  hastened  or 
retarded  according  to  circumstances ;  but  it  always  occur»  in  connec- 
tion with  the  menstrual  flow,  and  coDstitutes  the  most  important  part 
of  the  process  in  regard  to  reproduction. 

The  egg,  when  discharged  from  the   ovary,  enters  the   limbriat«d 
extremity  of  the  Fallopian  tube,  and  commences  its  passage  toward i 
the  uterus.    The  mechanism  by  which  it  finds  its  way  into  and  througlij 
the  Fallopiau  tube  in  quadrupeds  and  man  ia  different  from  that  ial 
birds  and  reptiles.     In  the  latter,  the  bulk  of  the  eggs  is  sufficient  to] 
distend  the  oviduct;  and  the  mass,  embraced  by  the  muscular  wal 
of  the  canal,  is  carried  downward  by  peristaltic  action.     In  luatuma- 
lians,  on  the  other  hand,  the  ogg  is  niieroficopic  in  siae.     The  widt^ 
extremity  of  the   Fallopian  tube,  directed  toward  the  ovary,  is  lim 
with  ciliated  epithilium  ;  and  the  movement  of  the  cilia,  which  is  from^ 
tbe  ovary  toward  the  uterus,  produces  a  kind  of  vortex,  by  which  iJ 
egg  is  conducted  into  the  narrow  portion  of  the  tube,  and  thence  don 
ward  to  the  uterus. 

Accidintul  causes  may  sometimes  disturb  the  passage  of  the  ejrp. 
It  may  Im?  arrested  at  the  surface  of  the  ovary,  and  thus  fail  to  enttifj 
the  Fallopian  tulie.  If  it  l)e  fecundated  and  go  on  to  partial  develoj^j 
raent  in  this  situation,  it  gives  rise  to  "ovarian  pregnancy."  It  ma] 
escape  from  the  fiuibriiited  rxtrcnnity  of  the  Fallopian  tube  into  thftj 
peritoneal  cavity,  and  form  attachments  to  a  nt'ighboring  organ,  caubiu|;j 
"abdominal  pregnancy;"  or  finally  it  may  Btop  in  some  port  of  the] 
Fallopian  tuTje,  and  thus  give  origin  to  "tubal  pregnancy," 

The  vgg,  inanc'diati'ly  after  its  di.sfbarge  from  the  ovary,  is  ready 
for  impregnation.     If  sexual  intercourse  take  place  about  that  time,! 
the  egg  and  the  spermatozoa  meet  in  some  part  of  the  female  gencr*.] 
tive  passages,  and  fecundation  is  accomplished.     It  appears  from  tb«l 
observations  of  Bisuhoff,  Co.-^te,  and  Barry f  upon  rabhilss.   that  thf 
Contact  of  the  egg  and  the  spermatozoa  may  take  plat-e  either  in  tbe 
uteruB  or  the  Falloiiian  tubes,  or  on  the  surface  of  the  ovary.     If,  on 
the  other  hand,  there  l>e  no  sexual  coitus,  the  egg  passes  the  Fallopian 
tube  unimprcgnated,  loses  its  vitality  after  a  time,  and  is  carried  away] 
with  the  uterine  secretions. 

For  this  reason  sexual  intercourse  is  most  liable  to  be  followed 
pregnancy  when  occurring  at  or  soon  after  the  menstrual  epoch. | 
Before  its  discharge,  the  egg  is  immature  and  unfit  for  impregnation; 
and  some  days  afterward,  it  loses  its  freshness  and  vitaUty.  Tbe  exACt  i 
length  of  time,  preceding  and  following  the  menses,  during  which  im-1 
pregnation  is  i)ossil)le,  has  not  been  ascertained.  The  spermatozoa,^ 
on  the  one  hand,  retain  their  vitality  for  an  unknown  period  aflcr] 
coition,  and  the  egg  for  an  unknown  period  after  its  discharge.     Tbem^ 

*  ITifltoire  da  D^veloppment  ties  Corps  Or^nisds.     Paris,  1847,  tome  L,  p.  22L 
f  Phiilo!«)phica.l  Tratisaclions.     London,  1S39,  p.  315. 
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occurrences  may  either  precede  or  follow  each  other  within  certain 
limits,  and  imprep^nation  may  t*till  takt?  place;  but  tho  precise  extent 
of  thiise  limit.s  is  undetermined,  and  is  probably  more  or  less  variable 
in  different  individuals. 

Lastly,  there  are  exceptional  cases  in  which  fertility  exists  without 
a  menstrual  flow,  and  menstruation  without  ovulation.  If  we  regurd 
the  rupture  of  an  ovarian  follicle  and  heiuorrhajre  from  the  uterus,  in 
menstruation,  as  two  phenomena  normally  coincident,  excited  by  a 
common  cause,  and  itubwervient  to  the  same  general  function,  we  must 
dtill  recognize  the  possibility  of  either  one  being  deranged  indepen- 
dently of  the  other.  Various  authors  (Churchill,  Reid,  Velpeau)  have 
related  instances  of  fruitful  women  in  whom  the  menses  were  scanty 
and  irregular,  or  even  absent.  The  menstrual  flow  is  habitually  scanty 
in  some  individuals,  and  abundant  in  others.  Such  variations  depend 
on  the  vascular  activity  of  the  system  at  large,  or  of  the  uterine  organs 
in  particular;  and  though  the  bloody  discharge  is  usually  an  index 
of  the  aptitude  of  these  organs  for  impregnation,  it  is  not  invariably 
80.  Provided  a  mature  egg  be  discharged  from  the  ovary,  pregnancy 
is  possible  although  the  menstrual  flow  be  absent. 

On  the  other  hand  we  have  met  with  a  fully  authenticated  instance* 
in  which  menstruation  recurred  regularly  for  several  months  without 
the  rupture  of  a  Graaliuii  follicle;  and  twelve  cases  have  been  colleeted 
by  Goodman f  in  which  menstruutiou  continued  notwithstanding  the 
removal  of  both  ovaries,  in  ihe  adult,  by  ovariotomy.  But  where  ihe 
ovaries  are  congenitally  undeveloped,  menstruation  is  also  absent,  and 
the  sexual  system  inactive. 

Tho  blood  which  escapes  during  the  mcnstnuil  flow  is  supplied  by 
the  uterine  mucous  niembniue.  After  death  during  menstruation,  tho 
internal  surface  of  the  uterus  is  found  smeared  with  a  sanguineous 
fluid,  which  may  be  traced  through  the  uterine  cervix  into  the  vagina. 
The  Fallopian  tubes  are  sometimes  congested,  aud  filled  with  a  similar 
bloody  diseharge.  The  menstrual  blnod  lias  also  Ikx'u  seen  to  cxudu 
from  the  uterine  orifice  in  cases  of  procidentia  uteri,  as  well  as  in  the 
normal  condition  by  examination  with  the  speculum.  It  is  discharged 
by  a  kind  of  capillary  hemorrhage,  and,  as  a  rule,  does  not  form  u 
visible  coagulum,  owing  to  its  tjeiug  exuded  from  many  minute  points, 
and  mingled  with  mucus.  When  poured  out  more  rapidly  and  abun- 
dantly, as  in  menorrhagia,  it  coaguIatcH  in  the  same  manner  as  blood 
from  other  sources.  Its  discharge  is,  at  the  same  time,  the  couse- 
qaence  and  the  natural  termination  of  the  uterine  congestion. 


*  Transactions  of  the  Americoit  GyDcooIogical  Society.    Bostoa,  1878,  voL  iL, 
p.  1.3«. 
t  Bichmond  and  LoulavUie  Medical  Journal,  December,  1875. 


CHAPTER  V. 

THE  COBPUS  LUTEUM,  AND  ITS  CONNECTION  WITH 
MENSTIiUATION  AND  PREGNANCY. 

AFTER  the  rupture  of  a  Graafian  follicle  at  the  menstrual  period^ 
there  is  left  in  the  ovary  a  bloody  cavity,  which  is  subsequentlr 
obliterated  by  a  process  somewhat  similar  to  the  healinj;^  of  an  abscess. 
The  oflSce  of  the  Graafian  follicle  is  to  provide  for  the  formation  and 
growth  of  the  egg  in  the  ovary.  After  the  discharge  of  the  egg,  the 
follicle  has  no  further  function  to  perform  ;  and  it  then  passes  through 
a  process  of  obliteration,  as  an  organ  which  has  become  ob6olet«. 
While  undergoing  this  change,  it  is  at  one  time  converted  into  a 
solid,  spheroidal  body,  called  the  corpus  luteum  ;  a  name  derived  from 
the  yellow  color  acquired  during  its  formation. 

In  quadrupeds,  the  corpus  luteum  is  characterized  by  peculiarities 
of  size,  color,  growth,  and  disappearance,  which  are  distinctive  for 
each  species ;  although  the  general  course  of  its  formation  and  atrophy 
is  the  same  in  all.  In  the  htiman  female  it  is  marked  by  a  moderately 
large  size,  a  brilliamt  yellow  hue  at  certain  periods  of  its  development, 
and  the  presence  of  blood  in  its  central  cavit)*,  distinguishable  for  two 
or  three  weeks  after  the  rupture  of  the  follicle.  The  details  of  its 
growth  and  retrocession,  which  follow  a  regular  course  during  the 
normal  recurren(;e:  of  the  menstrual  periods,  are  modified  by  the  ex- 
istence of  pregnancy.  In  the  first  instance,  it  is  known  as  the  corpus 
luteum  of  menHtruation ;  in  the  second  as  the  corpus  luteum  of  preg- 
nancy. 

Corpus  Luteum  of  Menstruation. 

In  the  human  female,  during  menstruation,  at  or  immediately  after 
the  discharge  of  the  Qisg,  a  somewhat  abundant  hemorrhage  takes  place 
from  the  innor  surface  of  the  Graafian  follicle,  by  which  its  cavity  is 
filled  with  blood.  The  blood  soon  coagulates,  as  it  would  if  extrava- 
sated  elsewhere,  and  the  coagulum  nMuains  enclosed  by  the  walls  of 
the  follif'lc.  The  opening  by  which  the  vpg  has  escaped  is  usually  a 
rounded  perforation,  not  more  than  one  millimetre  in  diameter;  and 
a  slender  probe,  introduced  through  this  opening,  passes  directly  into 
the  cavity  of  the  follicle.  If  the  follicle  be  opened  at  this  time  by  a 
longitudinal  incision  through  the  ovary  (Fig.  169),  it  will  be  seen  to 
form  a  spheroidal  cavity,  between  one  and  two  centimetres  in  diameter, 
containing  the  soft,  recent,  dark  colored  coagulum.  The  coagulum  has 
no  organic  connection  with  the  walls  of  the  follicle,  but  lies  loose  in 
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Fig.  169. 
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UAXriAK  FOLUlLK  of  Ulf 

huuittn  oT»r]r ;  recently 
rnpturf"!  durloK  infii*tru- 
Rtion,  3n<]  01l(Fd  with  ro> 
uiculatm]  bluotl ;  luDifiitiuU' 
iial  *4*ctiuii. — n.  TloMuc  uf 
c)k'  nvnry,  i-nnlalniDK  un- 
ruptured OnutfiitD  fol]li.'1o». 
b.  V'c»lcul»r  meiubraoe  of 
(be  rupiureil  fulliulp,  r 
Pgiut  of  ru|ilun\ 


its  cavity,  and  may  bo  easily  turned  out  with  tbc  handle  of  a  scalpel. 

It  has  Bometimea  a  slig^ht  nxcchaiiieal  adhesion  to  the  edges  of  the 

lacerated  opening;  but  there  it;  no  coutiuuity  of 

substance   between  them,  and  the  clot  may  be 

everywhere  separated  by  careful  nmnipulntton. 

The  membrane  of  the  vesicle  presents  u  smooth, 

transparent,  and  vascular  interual  surface. 

Soon  afterward  an  important  chftujre  takes 
place,  both  in  the  central  coagulum  and  in  the 
vesicular  ra{!mbrane. 

The  clot,  which  is  at  first  large,  soft,  and  gelat- 
inous, begins  to  contract ;  and  the  seruux  sepa- 
rates from  the  coagiiliim  projwr.  The  serum  is 
ab6orlx)d  by  the  neighboring  parts;  and  the  clot, 
I  iiiccordingly,  grows  smaller  and  denser.  At  the 
game  lime  its  coloring  matter  undergoes  the 
ugual  changes  which  follow  extravasation,  and 
is  partially  reabsorbed  together  with  the  serum. 
This  second  change  is  somt-wliat  loss  rapid  than 
the  former,  but  a  diminution  of  color  is  usually 
,  jjBfceptible  in  the  clot,  at  the  expiration  of  two 
jks  from  the  rupture  of  the  follicle. 

The  vesicular  membrane  at  the  same  time 
take?^  on  an  irtcreaded  development,  by  which  it  becomes  thickened  and 
convoluted,  and  tcuds  parliiiUy  to  fill  the  cavity  of  the  follicle.  Its 
bypt?rtrophy  and  convolution  commences  earliest  and  proercds  most 
rapidly  at  the  deeper  part  of  the  follicle.  From  this  point  it  becomes 
thinner  and  less  convoluted  toward  the  surface  of  the  ovary  and  the 
edges  of  the  ruptured  orifice. 

At  the  end  of  three  weeks,  the  hypertrophy  of  the  vesicular  mem- 
brane has  reached  its  maximum.  The  follicle  has  now  become  so  altered 
by  the  growth  above  described,  and  by  the  condensation  of  its  clot,  that 
it  presents  the  apjiearance  of  a  solid  Iwdy  of  new  formation,  and  receives 
the  name  of  "corpus  luteum,''  ah  hough  its  yellow  color  is  not  yet  dis- 
tinctly developed.  It  causes  a  pcrciptible  prominence  on  the  surface 
of  the  ovary,  and  may  be  felt  as  a  rounded  tumor,  in  the  ovarian  tissue, 
nearly  always  somewhat  flattened  from  .side  to  side.  It  measures  about 
19  millimetres  in  length  and  about  12  niillimotres  in  depth.  On  its 
surface  there  is  a  minute  cicatrix,  the  mark  of  tho  origiual  rupture. 

On  cutting  it  open  at  this  tlmu  (Fig.  170 j,  the  corpus  luteum  ia  seen 
to  consist,  as  above  descril>ed,  of  a  central  coagulum  and  a  convoluted 
wall.  The  coagulum  is  .aotni-transparent,  of  a  gray  or  light-greenish 
color,  more  or  less  mottled  with  red.  The  convolutnl  wall  is  about 
three  millimetres  thick  at  itij  deepest  part,  and  of  an  indefinite  yellow- 
lab  or  rosy  hue,  not  very  different  in  tinge  from  the  rest  of  the  ovarian 
tidsuc.  The  convoluted  wall  and  the  contained  clot  lie  in  contact  with 
each  other,  without  intervening  organic  connection;  and  they  may  still 
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be  rettdily  separated  by  the  handle  of  a  scalpel  or  the  flattened  end  of« 
probe.  The  whole  corpus  luteum  may  also  l)e  stripped  out,  or  enuck»- 
ated  from  the  ovarian  tissue  ;  and  when  extracted  iu  this  way,  it  pre- 
sents itself  as  a  spheroidal  or  flattened  mass,  with  a  convoluted  externul 

surface  covered  with  remains  of  the  eon- 
nectivo  tissue  by  which  it  was  attached  lo 
the  substance  of  the  ovary. 

We  have  ha<l  au  opportunity  of  riam- 
ininp  a  corpus  lutemn  of  this  period,  ia 
an  ovary  immediately  after  its   removal' 
from  the  body  of  the  living  woman.     It 
was  on  the  occassion  of  the  extirpatioa' 
by   Prof.  T.  T.  Sabine,  in   1874,  of  the 
left  ovary  for  obstinate  ovarian  neuralgia, 
from    au    unmarried  woman,   otherwifiaj 
lieaUhy,  25  years  of  ape.*    The  la.Mt  men- 
struul  period  had  terminated  exactly  tlin^j 
weeks  before  the  date  of  the  operation, 
and  a  new  one  commenced   twonty-foufj 
hours  afterward.     The  extirpated  ovorrl 
presented  a  perfectly  normal  appearnnce.i 
and  contained  a  corpus  luteum  Hiiuilar  ia| 
all  respects  to  that  represented  in  Fig.  170.     Its  convoluted  wall  was] 
fully  formed,  without  any  distinctly  marked  yellow  ting*,  and  the  een* 
tral  coagulum  was  partly,  but  not  entirely,  de-j 
colorixed.     The  patient  recovered  without  dUB-| 
culty. 

After  the  third  week  from  the  close  of  men- 
struation, the  corpus  Intenm  passes  into  a  retro-] 
grade  condition.  It  diminishes  perceptibly  iaj 
size,  and  the  central  coagulum  continues  to  be] 
absorbed  and  loses  still  farther  its  colorinnf  mat^^ 
tcr.  The  whole  bndy  undergoes  n  process  of' 
ntrophy  ;  nnrl  at  the  end  of  the  fourth  wevk  it  i»| 
less  than  10  millimetres  in  its  longest  diameter 
(Fig.  171).  The  external  cicatrix  may  still  bej 
HPen,  as  wi-H  ns  the  point  where  the  central  ro^^ 
agnlurn  lies  in  contact  with  the  peritoneal  sur* 
face.  There  is  still  no  organic  connection 
twccn  the  eoag'ulnni  and  the  convoluted  wal 
but  the  condensation  of  the  clot  and  the  rloficrj 
folding  of  the  wall  prevent  the  separation  of  the  two  being  so  eai>ilf| 
aceompHshed  as  before.  The  entire  corpus  luteum  tojiiv  still  be  extracted] 
from  its  bed  in  the  ovarian  tissue. 

The  color  of  the  convoluted  wall,  during  this  stage,  instead  of  fadinf.l 


HcuAN  Ovary  cut  opoa,  stioving  a 
corpa*  luteum,  divided  lonRltudt- 
nallf ;  three  wueka  after  tiionstruo- 
tlon.  From  a  tjlrl,  Isreniy  years  of 
age,  dead  of  hcmoptjsts- 


FlO.  171. 


HrjIAS  OVAHT,  sliowliiK  tt 
<'<>rpiiii  tiitciiiu.  four  wpelrs 
After  mcnstruatton :  fn>m 
a  womuD  dead  of  apoplexy. 


•  New  York  Metlical  Journal,  January,  1875,  p.  37. 
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like  that  of  the  fibrmaus  coagulum,  increas<ts  in  int^neity.  From  an 
indefinite  yellowish  or  rosy  hue,  it  jErradually  bwomen  a  decided  yellow. 
This  change  is  produced  simultaniouely  with  a  kind  of  futty  dt'^'euera- 
lion  of  its  tissue;  which  presents  at  this  time,  under  the  microwopo,  a 
considerable  depo.sit  of  oil  gflobules.  At  the  end  of  the  fourth  week, 
the  alteration  in  huo  is  complete ;  and  the  outer  wall  of  the  corpus 
luteuni  is  then  of  a  clear  chrome-yellow  color,  by  which  it  is  readily 
distinjeruishable  from  the  neighboring-  parts. 

After  thi8  piriod,  degeneration  goes  on  rapidly.  The  clot  becomes 
dense  and  ghrivellerl,  and  is  converted  into  a  minute,  Btellate,  white,  or 
reddish-white  cicatrix.  The  yellow  wall 
grows  softer  and  more  friable,  and  exhibits 
lesa  distinctly  the  marking  of  its  convolutions. 
At  the  same  time  its  surface  becomes  con- 
founded with  the  central  coagulum  on  the  one 
hand,  and  with  the  neighboring  parts  on  the 
other,  so  that  it  is  no  longer  j^tssible  to  sepa- 
rate them  fairly  from  each  other.  At  the 
of  eight  or  nine  weeks  (Pig.  172)  the 

lole  is  reduced  to  an  insignificant,  yellowish, 
cieatrix-Iike  spot,  measuring  about  six  niilli- 
metros  in  its  longest  diameter,  in  which  the 
original  texture  of  the  corpus  luteuni  can  be 
recognized  only  by  the  peculiar  folding  and 
coloring  of  its  constituent  parts.  Afterward 
its  atrophy  goes  on  more  slowly,  and  seven  or  eight  months  may  some- 
times elapse  before  its  complete  disappearance. 

The  size  of  the  corpus  luteum  dept'uds  on  the  quantity  of  bloori 
exuded  into  the  follicle  at  the  time  of  its  rupture,  and  on  the  more  or 
leas  active  growth  of  its  convoluted  wall.  Both  these  conditions  may 
no  doubt  vary  in  different  cases,  according  to  the  general  bodily  devel- 
opment, and  the  size  and  va.'*eularity  of  the  ovaries  in  particular.  In 
healthy  women  the  weight  of  the  ovaries,  wlii<h  is,  on  the  average, 
five  grammes  each,  varies  frequently  twenty  per  cent,  above  or  below 
this  standard  ;  and  even  in  the  same  individual  the  right  and  loft  ovaries 
are  seldom  of  the  same  size ;  usually  difFcring  from  •nich  other  by  at 
least  ten  per  cent.  It  is  therefore  impossible  to  fix  an  invarinbU* 
standard  of  size  for  the  corpus  luteum.  corresponding  with  its  period 
inf  development.  But  it  nevertheless  follows,  during  the  greater  part 
of  the  intermenstnial  i)eriod,  a  general  course  of  enlargement,  succeedM 
by  a  process  of  atrophy.  The  following  list  gives  its  weight  as  actually 
observed*  in  eight  cases  in  which  the  date  of  njenstruation  was  known. 


Ui'HAti  OVART,  shi>wluK  ft  oor- 
liua  Intouin.  atiic  wttit  afler 
mvHtrttittoo;  ttmaitglt\dt»A 
of  tabwralw  mentogiUi. 


*  Transactions  of  iLe  American  Gynecological  Society. 
130. 


UueUiD,  1878,  vol.  ii.,  p. 
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Weioht  of  the  Corpus  Luteum. 

1.  Two  days  after  menstruation 

2.  Nine  days  after  "  ... 

3.  Ten  days  after  "  ... 

4.  Fifteen  to  twenty  days  after  raenstrnation 

5.  Twenty  days  after  menstruation    . 

6.  Six  weeks  after  " 

7.  Ten  weeks  after  "  .        . 

8.  Eleven  weeks  after         " 


MiUigiunineii 
380 
430 
810 
1230 
1200 
90 
20 
15 


The  corpus  luteum,  accordingly,  is  a  formation  which  results  from 
the  obliteration  of  a  ruptured  Graafian  follicle.  It  is  produced  during 
the  intermenstrual  period,  and  occupies  the  substance  of  the  ovary, 
immediately  beneath  the  superficial  cicatrix  which  marks  the  site  of 
the  rupture.  After  acquiring  its  maximum  size  about  the  end  of  the 
third  week  it  passes  into  the  retrograde  condition  and  soon  becomes 
obsolete ;  while  a  new  body,  of  similar  structure,  is  produced  from  the 
rupture  of  another  Graafian  follicle.  In  an  ordinary  intermenstrual 
l)eriod,  therefore,  the  ovaries  contain,  as  a  rule,  one  corpus  luteum  of 
preponderating  size,  and  in  addition  several  which  are  more  or  leas 
obsolete.  Four,  five,  six,  and  even  eight  corpora  lutea  may  thus  be 
found  in  the  ovaries  at  the  same  time,  perfectly  distinguishable  by 
their  texture,  though  very  small,  and  for  the  most  part  in  a  state  of 
advanced  retrogression.  As  they  finally  disappear,  one  after  the  other, 
their  number  no  longer  corresponds  with  that  of  the  Graafian  follicles 
which  have  been  ruptured. 

Corpus  Luteum  of  Pregnancy. 

Since  the  process  above  described  occurs  at  each  menstrual  period, 
the  presence  of  a  corpus  luteum  is  no  indication  that  pregnancy  ha^s 
existed,  but  only  that  a  Graafian  follicle  has  been  ruptured  and  its 
contents  discharged.  Nevertheless,  when  pregnancy  takes  place,  the 
history  of  the  corpus  luteimi  is  diflerent  in  some  respects  from  that 
which  follows  an  ordinary  menstruation. 

The  distinction  between  the  two  kinds  of  corpora  lutea  is  not  an 
essential  or  fundamental  difference;  since  they  both  originate  in  the 
same  way,  and  arc  composed  of  the  same  structures.  It  depends  on 
the  difference  in  rapidity  and  degree  of  their  development.  While  the 
corpus  luteuin  of  menstruation  passes  rapidly  through  its  stages,  and 
is  soon  reduced  to  a  condition  of  atrophy,  that  of  pregnancy  continues 
its  development  for  a  longer  time,  attains  a  larger  size  and  firmer  organ- 
ization, and  disappears  at  a  later  period. 

The  variation  of  the  corpus  luteum  in  pregnancy  is  caused,  no  doubt, 
by  the  condition  of  the  uterus.  This  organ  exerts  a  wide  influence,  in 
the  state  of  gestation,  on  many  parts  of  the  system.  The  stomach 
becomes  irritable,  the  appetite  is  capricious,  and  even  the  mental  and 
moral  qualities  are  more  or  less  affected.    The  ovaries  feel  this  influence 
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to  such  a  ile/frpo  that  ovulation  is  arrested,  and  no  more  Graafian  folli- 
cles arc  ruptured,  diirin*r  the  whole  terra  of  pregrnancy.  It  is  not  sur- 
prising that  the  growth  of  the  corpus  luteuni  should  be  modified  from 
the  same  cause. 

For  the  firt^t  three  weeks  of  its  formation  the  corpus  luteum  presents 
the  same  featur<'s  in  the  impregnated  as  in  the  uninipregnated  condition. 
But  after  that  tinio  a  difference  becomes  manifefit.  histead  of  commenc- 
ing a  retrograde  course  during  the  fourth  week^  it  coutinucH  its  develop- 
ment. The  external  wall  grows  thicker  and  more  convoluted.  Its  color 
changes,  as  previout^ly  described,  to  a  bright  yellow;  and  it  contains  a 
deposit  of  fatty  matter  in  the  form  of  microscopic  globules. 

By  the  end  of  the  second  month  of  preguancy,  the  corpus  luteum  has 
increased  to  23  millimetreB  in  length  by  12  or  13  millimetres  in  depth. 
The  central  coagulum  has  be- 
come  nearly   decolorized,  and  ' 
pretsents    the   appearance  of  a 
fibrinouM  deposit.     Sometimes 
a  part  of  the  serum,  as  it  sepu- 
rote.**  from  the  clot,  accumulates 
in  the  centre  of  the  ma.**!*,  a.s  in 
Fig.  173,  forming  a  little  cav- 
ity filled  with  char  fluid  and 
inclosed  by  a  filJrillOu^^  layer, 

the  remains  of  the  solid  portion     Conrrs  Litikim  of  i.rcgnancy.  »l    the    enJ  or  Um 

of  the  clot.     The  existence  of 

snch  a  cavity,  however,  18  ouly 

occasional.     More  frequently,  the  fibrinous  clot  is  solid  throughout,  all 

the  serum  being  absorbed  by  the  surrounding  fmrts. 

During  the  third  and  fourth  months,  the  enlargemcjit  of  the  corpus 
luteum  continues ;  and  at  the  end 

of  that  time  it  may  measure  22  Fi".  174. 

millimetres  in  length  by  18  or  19 
millimetres  in  depth.  Its  flat- 
tened form  ia  very  manifest,  go 
that,  in  a  longitudinal  .st'ctton,  it 
may  present  a  nuitrly  circular  out- 
line, as  in  Fig.  174,  while  in  a 
transverse  section  its  figure  is 
a  narrow  oval.  The  convoluted 
wall  is  still  More  highly  de- 
veloped than  before,  having  a 
thickness,  at  its  deepest  part,  of 
nearly  5  mUlLmetrcs.  Its  color, 
however,  has  already  begun  to 
fade,  as.suming  a  dull  yellowish 
tinge.  The  central  coagnlum,  perfectly  colorless  and  fibrinous,  is  often 
so  much  flattened  laterally  that  it  is  hardly  2  millimetres  in  thickuesa. 


ttecond  month ; 
kbortioD. 


from  a  womait  detul  tv»ia  iudiicoil 
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CoRprs  LcnrrM  of  ftrritnincy,  at  the  end  of  tta* 
founb  nooUt  -,  Irvm  u  woauui  dead  bjr  polaoD. 
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The  other  relations  between  different  parts  of  the  structure  rtmaln  tlr 
same. 

The  corpus  luteum  has  now  attained  it.^  niaxirnuru  o«  iiev 
and  contiliUt^'?  without  very  ptTecptiljle  altcnition  (lurinj?  the  •  .  ■ 
sixth  months.  It  then  beg-ins  to  retrograde,  dirainisbinjir  in  size  duriDC 
the  seventh  and  eig-hth  months.  Ita  external  wall  becomes  still  mor» 
faded,  changing  to  a  faint  yellowish-white  color,  not  unlike  that  pfs 
sented  at  the  end  of  the  third  week.  It  is  thick,  soft,  nnd  f*la.*tic.  im 
numerous  slender  blood-veestdd  can  he  i>rtn 
penetrating  from  without  into  the  intenttm 
of  its  convolutions.  Its  central  con  '  '-re- 
duced to  the  condition  of  a  whi;.  ,.ij«l 
cicatrix. 

Its  atrophy  continues  during  the  ninth  m 
At  the  t<?rniinatlon  of  pregnancy  (Fig.  1T5)  it 
i;^  reduced  to  12  or  13  by  10  millinietrcs  in  ilianv- 
•■'ter,  and  its  weij,^ht  to  about  500  n]illigntam}>-«L 
It  is  of  a  faint  indefinite  hoe,  but  little  con- 
ira.'ited  with  that  of  the  surroundintr  tiH^DR 
The  ceutral  cicatrix  i^  very  small,  and  appriR 
only  as  a  thin  whitish  lamina,  with  radiaiin? 
processes.  The  whole  mass  is  still  firm  lo  tlK 
touch,  and  readily  distinguishable,  both  from  ita 
size  and  texture,  as  a  prominent  feature  in 
the  ovarian  tissue.  The  convoluted  structure 
of  the  external  wall  is  very  pereeptible,  nnd 
the  point  of  rupture,  with  its  poritoneal  cica- 
trix, distinctly  visible. 

After  delivery,  the  corpus  luteura  rapidly  retrogrades.  At  the  end 
of  eight  days  it  usually  weighs  less  than  300  milligraramea,  and  in 
aliout  two  months  its  color  is  no  longer  distinguishable,  although  indi- 
cations of  ita  convoluted  structure  may  still  be  discovered  by  close 
examination.  These  traces  of  its  existence  remain  for  a  long  tim* 
afterward,  more  or  less  concealed  in  the  ovarian  tissue ;  being  some- 
times perceptible  so  Inte  as  nine  and  a  half  months  after  delivery.  Tbt'T 
finally  disappear  entirely,  together  M'ith  the  external  cicatrix  which 
marked  their  situation. 

During  pregnancy,  owing  to  the  suspension  of  ovulatiou  and  the 
quiescence  of  the  Grnafian  follicles,  no  new  corpora  lutea  are  produced; 
and  as  those  which  were  formed  before  the  jjrriod  of  conception  fade 
and  disappear,  the  corpus  hiteum  which  marks  the  occurrence  of  pi 
nancy  after  a  time  exists  alone  in  the  ovary. 

In  twin  or  triplet  pregnancies  we  should,  of  course,  find  a 
sponding  number  of  corpora  lutea  in  the  ovaries ;  and  it  is  evident 
that  two  Graafian  ftjllicles  might  rupture  simultaneously  at  the  time 
of  conception,  and  but  one  of  the  eggs  become  impregnated  or  reach 
maturity.  In  that  case  there  might  be  one  foetus  in  the  uterus  and 
two  corpora  lutea  in  the  ovaries.     But  in  such  instance?  both  corpon 


Corpus  Lutei'M  o{  pregnancy, 
«  term,  from  a  womsn  dead 
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the  uterus. 
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lutea  would  be  manifestly  of  the  same  uge  and  development,  and 
neither  of  them  would  resemble  the  retrograde  structures  habitually 
found  durinj<  menbtruatiou. 

After  lactation,  the  ovaries  resume  their  ordinary  function.  The 
Oraufiau  follicleH  mature  and  rupture  a.4  before,  and  new  corpora  lutea 
follow  each  other  in  alternate  development  and  dit^uppearauce. 

The  corpus  luteum  of  menstruation,  therefore,  differs  from  that  of 
pre^ifnancy  in  development  and  duration.  While  the  former  passes 
through  all  the  important  phiises  of  its  i^rowth  and  decline  in  a  period 
of  two  mouths,  the  latter  lasts  from  nine  to  ten  months,  and  presents, 
during  a  ^eat  portion  of  the  time,  a  larger  size  and  more  solid  organ- 
ization. Even  in  the  corpus  luteum  of  pregnancy,  however,  the  bright 
yellow  color,  which  m  so  striking  a  feature,  is  only  temporary ;  not 
making  its  appearance  till  about  the  end  of  the  fourth  week,  and  again 
disappearing  after  the  sixth  mouth. 

The  following  table  contains,  in  a  condensed  form,  the  characters  of 
the  corpus  luteum,  iu  menstruation  and  pregnancy,  at  different  periods 
of  its  development: 

G0RPO8  Lvrzvu  OP  Menstbcation.  Cobpus  Lutbom  or  Pbbonaxc v 

At  the  end  qf    Twelve  by  niuutecn  niillirnetrcs  in  diumetur;  central  clot  red- 

thr*0tP9ekt.        diali;  cunvuluted  wait  pale. 
One  month.       Smaller;  convoluted  wall  bright 

yellow  ;  clot  slill  reddish. 
Tii>o  montha.      Reduce<l  to  the  condition  of  an 

iniiignlticant  cicatrix. 


Fowr  irnnth*. 


SiamorUha. 


ith. 


Absent  or  mmoticeable. 


AbsKsnt. 


Absent. 


Larger;  convoluted  wall  briKht 
yellow ;  clot  util)  reddish. 

Twelve  by  twenty-two  inilli- 
metree  in  diameter ;  convo- 
Inte^l  wall  bright  yellow;  clot 
perfectly  de<*olorized. 

Eighteen  by  twenty-two  ndlli- 
metres  iu  diameter;  clot  pule 
and  tibriuoaa;  convoluted  wall 
didl  yellow. 

Still  ttA  lurgo  fts  at  the  end  of 
the  second  nionrli.  Clot  tibri- 
nooB.   Convoluted  wnll  paler. 

Ten  by  tlnrteen  millimetres  in 
diameter;  central  clot  con- 
verted into  a  radiating  cic- 
atrix; external  wall  still 
thick  and  couvolutud,  but 
without  tmy  bright  yellow 
eolor. 


CHAPTER  VI. 

DEVELOPMENT  OF  THE  IMPBEQNATED  EQQ—8EOMBN- 

TATION   OF    THE   VITELLU8—BLA8T0DERM- 

FOBMATION  OF  0BQAN8  IN  THE  FBOQ. 

THE  unimpregnatcd  egg  has  a  certain  period  of  growth  within  the 
Graafian  follicle,  during  which  it  increases  in  size  from  the  insig* 
nificant  dimensions  of  its  earlier  formation  to  those  of  its  maturity  as 
an  ovarian  egg.  The  vitellus,  at  first  transparent  and  colorless,  be- 
comes granular  and  opaque,  at  the  same  time  that  its  mass  is  enlarged 
by  the  deposit  of  new  elements;  and  in  birds  and  reptiles  it  also 
acquires  a  distinctive  hue,  generally  orange  or  yellow.  These  modifi- 
cations are  the  result  of  its  spontaneous  growth,  the  materials  for 
which  are  supplied  firom  the  ovarian  tissues.  At  its  completion,  when 
the  egg  is  ready  to  be  discharged  from  the  ovary,  it  consists  of  the 
fully  formed  vitellus,  enclosed  in  a  vitelline  membrane,  and  containing, 
imbedded  in  its  substance,  the  germinative  vesicle  with  the  germina- 
tive  spot. 

Thus  constituted,  the  egg  leaves  the  ovary  on  the  rupture  of  the 
ovarian  follicle,  and  enters  the  Fallopian  tube.  Here,  if  coition  have 
taken  place,  it  meets  with  the  spermatozoa,  and  by  their  contact  and 
penetration  it  is  made  ready  for  the  production  of  the  embryo.  It 
is  consequently  transformed,  by  impregnation,  from  a  barren  ofishoot 
of  the  ovarian  tissue  into  a  new  body,  in  which  the  male  and  female 
elements  are  united,  and  which  possesses  a  capacity  for  further  de- 
velopment. 

Immediate  Effects  of  Impregnation. — The  first  change  in  the  egg, 
consequent  on  impregnation,  is  the  disappearance  of  the  germinative 
vesicle.  This  feature,  always  very  distinct  in  the  ovarian  egg,  becomes 
imperceptible  after  its  contact  with  the  spermatic  fluid  in  the  Fallopian 
tube ;  and  its  place  is  subsequently  taken  by  a  new  formation,  which 
is  designated  as  the  "  nucleus  of  the  impregnated  egg."  The  details 
of  this  substitution  have  not  been  fully  ascertained ;  but  its  important 
characters,  so  far  as  yet  known,  are  mainly  as  follows.*  The  germi- 
native vesicle  leaves  its  position  within  the  vitelline  mass  and  approxi- 
mates the  surface,  losing  at  the  same  time  a  portion  of  its  substance, 
becoming  smaller  in  size  and  elongated  in  form.  On  the  other  hand, 
a  spermatozoon,  which  has  penetrated  into  the  vitelline  sac,  becomes 
also  changed  by  the  disappearance  of  its  filamentous  portion ',  and 


*  KoIIiker,  Embryologie.    Paris,  1879,  p.  55. 
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afterward  coming  in  contact  with  the  remainder  of  the  germinative 
vesicle,  the  two  unite  into  a  single  mass.  This  new  product,  made 
up  partly  of  the  germinative  vesicle  and  partly  of  the  spermatozoon, 
then  assumes  the  position  and  appearance  of  a  central  nucleus.  It  is 
regarded  as  the  point  of  origin  for  all  subsequent  changes  in  the  im- 
pregnated efjrg. 

Deposit  of  Albuminous  Layers  in  the  Fallopian  Tube. — As  the 
impregnated  egg  passes  down  the  Fallopian  tube,  it  becomes  covered 
with  an  albuminous  secretion.  In  birds,  this  secretion  is  deposited  in 
layers  round  the  vitellus,  forming  the  so-called  "  white  of  egg."  In 
reptiles,  it  is  also  poured  out  in  considerable  quantity,  and  serves  for 
the  nourishment  of  the  egg  during  its  development.  In  mammalians, 
a  similar  secretion  is  supplied  in  smaller  quantity,  but  sufficiently 
abundant  in  proportion  to  the  size  of  the  egg  in  the  earlier  stages 
of  its  growth,  before  it  has  established  a  connection  with  the  lining 
membrane  of  the  uterus. 

Segmentation  of  the  Vitellus. — A  remarkable  change  now  takes  place 
in  the  impregnated  egg,  by  which  its  structure  is  definitely  altered. 
This  is  known  as  the  division,  or  "  segmentation  "  of  the  vitellus.  Its 
globular  mass  is  marked  by  a  circular  furrow,  which  gradually  deepens 
until  it  divides  the  vitellus  into  two  nearly  equal  halves  or  hemispheres. 
Each  hemisphere  is  then  found  to  contain  a  nucleus,  similar  to  that 
which  previously  occupied  the  centre  of  the  impregnated  vitellus  (Fig. 


SaoKKNTATtOK  OF  TTTK  ViTRT-i.rs,  In  the  impregnated  egg  of  the  rabbit.    (Corte.) 


176,  A).  Almost  at  the  same  time  a  second  furrow,  at  right  angles 
with  the  first,  penetrates  the  vitellus  in  a  similar  way,  and  cuts  it  in  a 
transverse  direction.  The  vitellus  is  thus  divided  into  four  equal  por- 
tions, of  a  rounded  form,  lying  for  the  most  part  in  contact  with  each 
other  and  embraced  by  the  vitelline  membrane  (Fig.  176,  B).     The 
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space  existing  at  certain  pointa  between  thcni  and  the  vitelline 
brane  is  occupied  by  a  transparent  fluid. 

The  process  thus  comnif  nct>d  got-s  on  by  t[w  rvpoate<l   forniatioa  vf ' 
furrow^s  in  various  diroctions,  dividing  the  four  separated  portions  suo  j 
cessivo] y  into  eight,  sixteen,  Ihirly-t.wo,  sixty-four,  and  so  on ;  unt 
the  viteilus  is  converted  into  a  mull>erry-8hafM:'d  collectioa  of  uearlj 
spherical  nucleated  bodiot.,  resulting  from  its  continuc«d   subdiviidc 
(Fig.  ITH,  C,  D).      These  bodies  are  termed  the  "  vitelline 
They  are  of  iirnier  texture  than  the  original  viteilus;    app 
increase  in  consistency  aa  they  multiply  in  nuuilxTS  and  diniiuiab  in  eiz« 
They  become  at  last  so  abundant  as  to  assume  by  mutual  compressini 
the  polygontil  form  (Fig.  Hfi,  E),  lying  in  close  contact  with  each  oiLe 
imniediatt'ly  Ijciu-ath  the  vitelline  membrane,  and  surrounding  a  wntrall 
space  tilled  with  transparent  Huid.      They  are  thus  converted  into 
layer  of  cells,  enclosing  the  original  cavity  of  tho  egg,  and  envelop 
by  the  vitelline  njembraue  f  Fig.  lH),  E). 

The  segmentation  of  the  viteilus  is  the  primary  act  in  the  develofi 
ment  of  the  impregnated  egis,  and  the  .«%ign  that  the   formation  of 
embryo   has  commenced.      It  takes  place   in  all  species   of  auiniiil4;| 
although  varying  in  detail  according  to  the  special  constitution  of  th«J 
egg  und  its  accessory  parts.      In  all  niaumialia,  us  we^ll  a^i  in  man] 
invertebrates,  whori'  thi'  vitellim  is  vpry  small,  and  where  the  \todj 
the  etnbryo  immediately  after  \t»  formation  is  supplied  with  n< 
nient  from  without,  the  jtrocess  is  that  described  above.     lu  bird.^.  in 
8ea!y  reptile?^,  and  in  many  t]>h,  whore  the  viteilus  is  large  and  contoiitfj 
adiUtiMna!  nutritive  nunter,  segmentation  takes  place  only  in  a  thii 
layer  on  the  surface;  and,  beginning  at  one  spot,  extends  outward,' 
advancing  more  rapidly  at  the  centre  of  the  segmenting  region  than  at 
its  prrifiliery.     But  in  all  cases  sefrmenlation  of  the  viteilus  is  the  fin^i 
changi'  in  the  ])roress  of  development,  ami  has  always  the  same  reg^dt. 
namely,  to  divide  the  viteilus  into  a  great  number  of  minute 
which  present  the  charaettT  of  cvUh. 

Bfatiitxierm,  or  Oerminal  Membrane. — The  cells  formed,  in  the  oaao>-J 
ner  above  drserilwd,  by  thi'  segmentnlioii  of  the  vitoUus,  become  mor 
closely  packed  as  they  increase  in  numl.)er;  and  finally,  by  mutual  ci>i; 
tact  and  adhesion  at  their  edges,  they  form  a  continuous  organixci 
membrane,  known  as  the  germinal  membrane  or  hlastoderm. 

During  the   formation   of  this  nn^mbrane,  the  e^^j^,  while   pase^ia^j 
through  the  Fallo[»ian  tube,  inLTt-ases  in  size,     Tlie  albuminous  matt 
with  which  it  is  enveloped  is  liquefied  and  absorbed  by  the  vitellinft| 
membrane,  furnishing  material  for  the  growth  of  the  nowly-formt'i 
structures.     A  certain  quantity  of  albuminous  fluid  also  aecnmulat 
in  the  central  eavity  of  the  egg. 

The  next  change  consists  in  the  appearance  in  the  blastoderm  of  tw4 
separate  layers,  known  as  the  exfernnf  and  internal  blastodermic  loytfr&l 
They  nru  both  still  composed  exclusively  of  cells ;   but  those  of  tl; 
external  layer  are  smaller  and  more  compact,  those  of  the  ijitez 
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larger  and  softer.  The  egg  then  ha*  the  form  of  a  globular  sac,  the 
woJIh  of  whieli  consii^t  of  three  concentric  layers,  in  contact  with  each 
other,  namely  :  1st,  the  structureless  vitellin*^  uicnihrane  iuclosiug  the 
whole ;  2(1,  the  external  blu.studeniiic  Inyer,  cuniposed  of  cells ;  and  3d, 
the  internal  blastodermic  layer,  also  composed  of  cells.  The  cavity  of 
the  egg  is  occupied  by  an  olbuniinous  fluid,  absorbed  from  the  exterior 
and  dci^tined  lo  gerve  an  nutritious  material. 

It  i&  by  this  process  that  the  simple  globular  mass  of  the  vitellus  is 
converted  into  an  organized  structure.  For  the  blastoderm,  although 
consisting  of  cells  which  are  ufarly  uniform  in  size  and  ^^hapu,  is  mver- 
thole^s  a  distinct  membrane,  rutidc  u]>  of  anatomical  elcmenlB;  and  itv<A 
completion  marks  the  first  stage  in  the  formation  of  the  embryo.  The 
blastoderm  is  in  fact  the  embryo  in  its  primitive  condition;  and  although 
its  texture  is  at  this  time  exceedingly  simi>le,  all  the  bodily  organs  arc 
afterward  produced  by  the  modtficatiim  of  it<*  diflVrent  parts.  The 
further  process  of  formation  is  comparatively  simple  in  some  animals, 
more  complicated  in  others;  and  its  general  features  are  most  easily 
understood  l)y  comniencing  with  the  study  of  devrlopment  as  it  takes 
place  in  the  frog. 

Forvintion  of  Organs  in  the  Frog. — The  egg  of  the  frog,  when 
discharged  and  fecundated,  is  deposited  in  the  water,  enveloped  in  an 
albtiminoiis  covering  of  gelatinous  consistency.  It  is  thus  exposed  to 
the  light,  the  air,  and  tlie  moderate  warmth  of  the  sun's  rays,  and  is 
supplied  with  abundance  of  moisture  and  nutritious  material.  It* 
development  is  distin>ruished  by  a  eharaeier  <»f  great  simplicity  ;  since 
the  whole,  or  nearly  the  whole,  of  the  vitellus  is  directly  converted  into 
the  body  of  the  embryo.  There  are  no  acces-'^ory  organs,  and  conse- 
quently no  com])licntions  of  the  formative  proces.«*. 

The  two  blastodermic  layers  above  described  represent  the  commence- 
ment of  the  new  organism.  They  serve,  however,  for  the  production 
of  different  parts;  and  the  entire  process  of  development  may  Ik?  con- 
cisely expressed  as  follow.'-; 

I.  The  external  blastodermic  layer  produces  the  cerebri>-spinal  axis 
and  the  epidermis  of  the  general  integument. 

II.  The  interna]  blastodermic  layer  produces  the  epithelium  of  the 
aliuKMitary  canal  and  adjaeetit  glandular  organs. 

III.  An  intermediate  layer,  which  subsequently  appi'ars  lietween  the 
two,  produces  the  vascular  tissues,  and  thus  completes  the  constitution 
of  the  bodily  frame. 

The  first  sign  of  advancing  organization  in  the  blastoderm  shows 
itself  in  a  thickening  and  condensation  of  its  structure.  The  thickened 
portion  has  the  form  of  an  elongated  spot,  termed  the  "  embryonic 
''  (Fig.  ntX  the  wide  edges  of  which  arc  more  opaque  than  the 

jacent  parts.  Between  these  opaque  edges  is  a  narrower,  colorle.ss, 
and  transparent  space — the  "area  pellucida,''  within  which  is  a  delicate 
Hoe,  ninning  longitinlinally  from  front  to  rear,  culled  the  "  primitive 
trace." 
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Diflgrninniiitlc-  view  of  the  Isu'«K«- 
NATKU  EuG,  show  lug  I  be  etuUryoDic 
spot,  krea  puUiicldu,  aud  {irliuitlvc 
tract). 

from  its  internal  purfocc. 


In  the  anterior  portion  of  the  area  pellucida,  the  suhstflnce  of  the 
blastoderm  rises  up  in  such  a  manner  as  to  fornu  two  nearly  parallil 
ridges  or  plates,  which  approach  each  other  from  side  to  side,  over  wh&i 

will  be  the  dorsal  aspect  of  the  einliryo, 
and  are  therefore  calkxi  the  "dorsal  plates.^ 
Between    them    is   included   a  groove, 
ternjcd    the    ** medullary    /a:roove."     Th«| 
dorsal  plutes  afterward  meet  and  coalesce 
nn   the  median  line,  thus  conrerting  tba, 
intervening   groove    into   a    canaL     Tbe] 
toalescence    of    the    dorsal    platrs    takr.' 
pliiee  firjjt  in  the  anterior  part  of  the  arej' 
IK'llucidu.  extending  tbenee  grndually  back- 
ward; and  when  it  is  complete  the  whole 
of  tbe  medullary  groove  J>ccomeB  a  clo:« 
canal.     This   is   the    "medullary  canal;*'! 
and  within  it  is  formed  the  cerebro-spiDalJ 
axis,   by   a    growth   of   nervous    matt 
At  its  anterior  extremity,  the  meiliiUarr] 
canal  is  larire  and  ronndf'd,  producing  the  hrain  and  medulla  oblongata; 
its  renifiinder  is  narrow,  and  poitited  por^teriorly,  corresponding  in  form] 
with  the  future  spinal  cord.     At  the  same  time,  the  thickened  edges  of] 
tbe  blan^toderm  grow  outward  and  downward,  extending  over  the  laU 
portions  of  the  vitelline  mass.    They  arc  called  the  "  uhdoniinal  plato*?  •,'^\ 
and  they  approach  each  other  Itelow  enclosing  the  altdominal  cavity, 
the  dorsal  plates  above  enclose  the  medullary  canal.    At  last  they  unit 
on  the  median  line,  embracing  the  whole  of  the  internal  blaslo<1erm)< 
layer,  whieli  eneluse^  in  turn  the  remains  of  the  vitellus  and  tlio  alhu-j 
minims  fluid  eontuiiied  in  its  cavity. 

Simultaneuurily  with  these  cliauges,  there  is  formed,  in  the  thicltemidj 
central  part  of  the  blastoderm,  immediately  beneath  the  medullary 
canal,  a  longitudinal,  cyliudricnl  cord — the  "chorda  dorsalis."  Around 
the  chorda  dorsalis  are  afterward  develoi>ed  the  bodies  of  the  vertebne, 
the  oblique  processes  of  the  vertebrae  running  upward  into  the  dorsal 
plates,  while  tbe  transverse  processes  and  ribs  run  outward  and  down- 
ward in  the  abdcjmirmi  plates,  to  encircle  more  or  less  completely  the 
corresponding  i>ortion  of  the  body. 

In  a  longitudinal  section  of  the  c^g,  during  this  process,  the  thickened 
portion  of  the  external  blastodermic  layer  fFig,  178,  ,)  may  bo  8e«D  in| 
profile.  The  anterior  portinn  (,),  which  will  form  the  head,  is  thick«r 
than  the  posterior  (.,),  which  will  form  the  tail.  As  the  whole  mass 
grows  rapidly,  in  both  the  anterior  and  posterior  direction,  the  bead 
becomes  thick  and  vohiniiuous,  while  the  tail  begins  to  project  bsck' 
ward,  and  tbe  egg  assumes  an  elongated  form.  (Pig.  179.)  The  abdom- 
inal  plates  also  meet  upon  its  under  surface,  and  complete  the  closure  of 
the  abdominal  cavity.  The  internal  blastodermic  layer  is  embnuTd  by 
the  abdominal  plates,  enclosing,  as  before,  the  remains  of  the  viteJltia. 
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As  development  goes  on  (Fig.  180),  the  head  beoomos  larger,  and 
shows  traces  of  the  organs  of  special  t^use.    The  tail  also  Increases  in 
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size,  and  projects  fnrthor  from  the  posterior  extremity  of  the  embryo. 
The  spinal  cord  runy  iu  a  longitudinal  direction  from  front  to  roar,  and 
its  anterior  extremity  enlarges,  to  form  the  brain  and  medulla  oblon- 
gata.    In  the  mean  time,  the  internal  bla-ntodermic  layer,  subsequently 

converted  into  the  epithelium  of  the 
intestinal  canal,  has  been  Hhut  in  by 
tbi.'  abdominal  walls,  and  forms  a  clo-sed 
.sac,  of  slightly  elongated  ligure,  with- 
out inlet  or  outlet.  Afterward,  the 
mouth  is  formed  by  a  perforation 
through  both  external  and  internal 
la^^er:*  at  the  anterior  extremity  ;  while 
u  i^iniiJar  perforation,  at  the  posterior 
extremity,  results  in  the  formation  of  the  anus. 

By  a  continuation  of  the  same  process,  together  with  the  develop- 
ment of  the  intermediate  vB.scular  layer,  the  different  |»ortions  of  the 
body  are  gradually  constructed,  producing  the  skeleton,  the  Integument, 
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the  organs  of  special  sense,  and  the  muscles  and  nerves.  The  tail  acquires 
sufficient  size  and  strength  to  be  capable  bf  acting  as  an  organ  of  loco- 
luotioQ  (Fig.  181).    The  intestinal  canal  is  at  first  a  dhort,  wide,  nearly 
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Straight  tube,  running  directly  from  the  mouth  to  the  onus.  It  that 
begins  to  grow  faster  than  the  abdominal  cavity  which  encloses  ii, 
becoming  longer  and  narrower,  utid  at  the  same  time  thrown  into 
iiLimfroii!*  curvilinear  folds. 

Arrived  at  this  period,  the  young  tadpole  ruptures?  tht?  vitelline  mem- 
brane, and  leaves  th<'  rnvity  of  the  egg.    llo  at  firf^t  attaches  himself  lo: 
the  remains  of  the  albuminous  envelope,  and  feeds  upon  it  for  a  short' 
time.     He  soon,  however,  acquires  s^iitlicicnt  strength  and  aetivity  to 
Bwim  aljout  in  search  of  other  food,  propelling  himwlf  by  his*  large, 
membranous,  and  muscular  tail.     The  alimentary  canal  increase*  taj 
length  and  becomes  spirally  coiled  in  the  alMlominal  eavity,  attaininif  I 
a  length  from  seven   to  eight  times  greater  than  that  of   the  entire 
body. 

Afterward,  a  change  takes  place  in  the  external  form  of  the  animal 
The  posterior  limbs  are  the  first  to  make  their  appearance,  by  budding;! 
or  sprouting  from  the  sides  of  the  body  at  the  ba«e  of  tlu*  tail.     Thel 
anterior  extremities  are  for  a  time  eoneeajed  beneath  the  integument,  < 
but  afterward  beeome  liberated,  and  show  themselves  extemiJIy.     A(^j 
first  both  thii  fore  and  hind  legs  are  very  small,  incomplete  in  structure,! 
and  useless  for  loeoniotion.     They  subsequently  inerea**  in  size  and^ 
strength;  while  the  tiiil,  on  the  contrary,  eeases  to  grow,  and  becomes 
shrivelled  and  atrophied.     The  limbs,  i\\  fact,  are  destined  to  replace, 
the  tail  as  organs  of  locomotion  ;  and  a  time  at  last  arrives  when  tlwj 
tail  has  altogetlier  disappeared  while  the  legs  are  fully  develofwjd.  nniH 
ciilar,  and  powerful.    Then  the  animal,  heretofore  confined  to  un  a(|niilio' 
mode  of  life,  becomes  capable  of  living  on  land,  and  the  tadpole  is  traDB> 
formed  into  the  frog. 

During  the  same  time,  other  changes  take  place  in  the  iotc^rnal  orgfinii. 
The  tadpole  nt  first  breathes  bv  gdjs ;  but  these  organs  subsequentlr 
become  ntrophied,  and  are  replaeed  by  lungs.  The  structures  nf  the, 
mouth,  of  the  integument,  and  of  the  circulatory  system,  are  altered! 
to  correspond  with  the  varying  conditions  of-. the  growing  organism; 
and  these  trnnsfonuatinns,  taking  place  in  part  successively  and  in  part 
simultaneously,  bring  the  body  nt  last  to  r  state  of  completion. 

The  development  of  a  younp-  animal  from  the  egg  consists  therefore 
of  a  series  of  changes,  in  which  different  organs  make  their  appearance 
from  moiiifieations  of  the  bhistoderni.  Many  of  these  organs  are  tem- 
pi)rary,  serving  for  the  growth  <if  the  embryo  during  a  certa.in  period; 
while  others  are  of  more  permanent  structure,  and,  after  passing  thnmgb 
various  nlterations  of  size  and  form,  bt^come  component  parts  of  tbo 
adult  organism. 
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process  of  embryonic  drvplopnicnt  in  the  offP  f^f  the  bird  differs 
A  from  that  of  the  frog  in  two  important  parlieuiarF.  First,  the 
whole  of  the  vitellus,  or  yolk,  in  the  bird's  egg-,  is  not  directly  converted 
into  the  body  of  the  embryo,  but  a  Inrgo  part  is  transformed  into  a 
nutritious  fluid,  and  thus  serves  indirectly  for  its  growth.  Secondly, 
certain  aecesnory  orfran!*  make  th«^ir  appmrance,  extending  beyond  the 
liniilsof  the  bo<ly  of  the  einl)ryo,  and  surrounding  it  with  menibrnttnus 
envelopes.  The  development  of  the  chick,  during-  incubation,  has  been 
found  cBpt'cially  favoriiJili'  f<»r  the  study  nf  many  dotnils  as  to  the 
formation  an«l  jrrowlh  of  lh«'  various  or^'ans ;  iin«l  some  of  the  most 
valuable  discoveries  in  embryology  have  been  obtained  in  this  way. 

Tlie  Yoilc  and  the  Ciratn'cvln. — The  yolk  of  the  fowl's  eep  represents 
something  more  Ihan  the  vitellus  proper.  Its  principal  mass  consists 
of  an  opaque,  yellow,  semifluid  substance,  thn  "yellow  yolk,"  which 
solidifies  on  boilins:,  owinp  to  its  lar-ure  proportion  of  albuminous  matter. 
Thii*  substance  contains  an  abundance  of  soft,  spherical,  finely  jBrranular 
bodies,  from  25  t«»  100  mmm.  in  diameter. 

The  yellow  yolk  is  everywhere  surrounded  by  a  thin  nearly  colorless 
layer,  the  "  white  yolk,*'  which  contains,  instead  of  the  granular  spheres 
above  described,  smaller  globular  bodies  with  one  or  more  brightly 
refracting  niasj^es  in  their  interior.  The  albuminous  matter  of  the 
white  yolk,  furthermore,  does  not  solidify  firndy  on  the  application  of 
heat ;  so  that  in  a  boiled  egg  the  thin  stratum  of  this  substance  remains 
semifluid.  There  is  also  a  spot  at  the  centre  of  the  yolk,  which  is 
occupied  by  the  same  material,  and  which  consequently  remains  ."off. 
in  the  boiled  egg;  the  cavity  thus  left  eommuuicating  with  the  surface 
of  the  yolk  by  a  narrow  passag**,  like  the  neck  of  a  floj^k. 

The  yolk  is  thus  formed  of  two  substances,  distinguished  by  their 
microscopic  characters  and  by  their  comparative  coagidability  at  the 
boiling  temperature.  Neither  of  these  sub.stanees  corresponds  with  the 
granular  vitellus  of  the  nuunmuHau  egg]  they  constitute  a  deposit  of 
notritious  material,  destined  for  the  support  of  the  embryonic  tissues. 

At  one  point  on  the  surface  of  the  yolk,  in  the  unfecundated  egg,  is 
a  whitish  circular  spot,  about  three  millimetres  in  diameter,  immediat^'ly 
beneath  the  vitelline  membrane.  This  is  the  Hcatrirula.  It  is  a  thin 
layer,  of  minutely  granular  structure;  it«>  granules  l»eing  imbedded  in 
a  homogeneous  substance  by  which  they  are  agglutinated  into  a  disk- 
like mafis.    In  its  centre  is  the  germinative  vesicle,  distinctly  visible  by 
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its  transparency  and  well  defined  outline,  and  marked,  in  the  orarian 
egg,  by  a  gcrminative  spot.  According  to  Eolliker,  the  germinative 
spot  disappears  before  the  mature  yolk  is  discharged  from  the  orary ; 
and  it  is  consequently  not  visible  in  the  egg  in  the  oviduct. 

The  cicatricula  is  the  only  part  of  the  fowl's  yolk  which  undergoes 
segmentation,  and  which  is  directly  concerned  in  the  production  of  the 
embryo.  It  corresponds  therefore  with  the  vitellus  of  the  mammalian 
egg,  and  has  received  the  name  of  the  "plastic"  or  formative  vitellus; 
while  the  remainder,  consisting  of  the  white  and  yellow  yolk,  is  known 
as  the  "  nutritive  "  vitellus.  The  position  of  the  cicatricola  is  imme- 
diately above  the  tubular  prolongation  of  white  yolk  leading  to  th«^ 
central  cavity  of  the  egg. 

Segmentation  in  the  FowVa  Egg,  and  Formation  of  the  Blastoderm, 
— The  fowl's  egg  is  fecundated  soon  after  leaving  the  ovary,  in  the 
upper  portion  of  the  oviduct.  Segmentation  begins  in  the  lower  half 
of  the  oviduct  and  goes  on  during  the  production  of  the  shell  menh 
branes  and  shell ;  and  in  the  new-laid  egg  the  formation  of  the  blasto- 
derm is  usually  complete. 

The  process  of  segmentation  in  the  fowl's  egg  differs  firom  that 
already  described  (page  til?)  in  the  following  particulars:  Instead  of 
a  globular  vitellus  successively  bisected  into  smaller  spheres  and  hemi- 
spheres, there  is  a  flattened  vitelline  disk,  the  cicatricula,  which  is  cut 
by  superficial  furrows,  running  in  various  directions,  and  dividing  its 
area  into  a  number  of  spaces  by  their  intersection.  The  principal  fur- 
rows radiate  from  the  central  part  of  the  cicatricula,  and  are  united  at 
irregular  intervals  by  cross  furrows,  which  mark  off  isolated  portions 
of  its  substance.  The  cicatricula  is  thus  broken  up  into  a  large  number 
of  segments;  but  this  segmentation  takes  place  by  extension  over  a  flat- 
tened surface,  spreading  gradually  from  the  centre  outward,  instead  of 
affecting  at  once  the  whole  vitellus,  as  in  the  mammalian  egg. 

The  details  of  segmentation  in  the  fowl's  egg  have  been  most  fiiHr 
studied  by  Costc*  and  Kolliker.f  It  begins  by  the  appearance  of 
a  straight  or  curvilinear  furrow,  crossing  the  middle  portion  of  the 
cicatricula  without  reaching  to  its  edges,  and  dividing  it  imperfectly 
into  two  nearly  equal  halves  (Fig.  182,  I.).  This  furrow  is  afterward 
crossed  at  right  angles  by  a  second,  dividing  the  disk  into  four  see- 
tors  (Fig.  182,  II.).  The  point,  however,  at  which  the  sectors  meet 
is  not  usually  the  exact  centre  of  the  cicatricula,  but  a  little  on  one 
side ;  and  the  whole  process  of  segmentation,  according  to  KoUiker, 
goes  on  in  such  a  way  that  its  point  of  greatest  activity  is  always 
somewhat  eccentric  in  position.  The  primary  furrows  thus  formed  are 
followed  by  others  which  radiate  toward  the  edges  of  the  cicatricula, 
while  its  central  parts  are  broken  up,  as  above  described,  into  smaller 


*  Histoire  G^-n^rale   et  partiouliiJre  du  D^veloppement  des  Corps  organid^ 
Paris,  1847-59.     Poule,  PI.  ii..  Figs.  7-13. 
t  Embryologie.     Paris,  1879,  p.  63-85. 


segments  by  transverse  and  oblique  furrows  of  coramunicAtion  (Fig. 
182,  III.V  Bj  thecontinuanw  and  peripheral  extension  of  thin  process 
the  area  of  sejrnientation  is  ^rradually  divid<^d  into  small  polygonal 
bodies  (Fijr.  182,  IV.),  many  and  finally  all  of  whieli  are  provided  Mritb 
a  central  nucleus,  and  which  are  accordingly  regrarded  as  nucleated  cells. 
The  fitndy  of  per|>endicn!ar  sections  of  the  cicatricula  in  this  condi- 
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on  shows  that  its  segmentation  extends  not  only  in  a  lateral  direction, 
but  alBO  throughout  its  depth.  The  furrows  which  appear  to  divide  it 
Into  i»oIat<?d  parts  are  at  first  only  superficial,  and  its  surface  Is  already 
Bubdividod  while  its  deeper  portions  aro  still  entire.  But  the  process 
of  division  continues  from  above  downward  until  it  occupies  the  wholo 
thickness  of  the  plastic  vitellus,  to  the  surfac<»  of  the  white  yolk.  By 
this  means  the  eicatricula  is  converted  into  a  disk-Iike  mass  of  nucleated 
cells,  and  is  then  known  as  the  "  blastoderm." 
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In  the  new-laid  ej^g',  the  Wastodomt  is  already  composed  of  two 
layers.  The  external  layer,  at  this  time  the  more  completely  fonneil 
of  the  two,  consists  in  its  central  portions  of  closely  packed  evlindrifal 
cells,  in  several  superimpo.sed  ranges ;  and  toward  its  outer  Ixtrders  of 
a  single  range  of  flattened  cells,  placed  edge  to  edge.  The  iuiernftl 
layer  consiists  of  rounded  cells,  more  coarsely  granular  than  those  of 
the  external  layer,  and  less  closely  consolidated  into  a  continuous  ma». 
This  is  the  condition  of  thu  blastoderm  in  the  fecundated  fowl's  egg,  ai 
the  time  of  its  discharge  from  the  generative  passage. 
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Incuhfttion  of  the  Egg  and  Formation  of  the  Embryo. 

WhcB  t!ie  fecundated  ei^g  is  discharged  from  the  generative  paseagv' 
and  allowed  to  cool,  the  process  of  development  is  suspended  at  ihi 
point  abovi?  described.  The  forukative  changes  in  the  blastoderui 
require  for  their  accompli-shnieiit  a  warmth  nearly  equal  to  that  of  the 
fowl's  body,  namely,  about  40'-'  C. ;  and  the  egg,  if  kf»pt  at  lower  tem- 
peratures, may  remain  inactive  for  a  considerable  time  without  iosinsr 
its  vitality.  When  the  necessary  warmth  is  again  supplied,  by  natural 
or  artificial  incubation,  development  recommences  and  goes  on  to  the 
formation  of  the  embryonic  tissues. 

Extension  of  the  lilatitoderm. — The  first  modification  in  the  egg  dur- 
ing incubation  is  the  increase  in  size  of  the  blastoderm.  This  mem- 
brane has  already  liecome  larger  than  the  cicatricida  from  which  it  was 
produced;  for  while  the  averai-c  diattiet<'r  of  the  cicatricula  l)ofore  seg- 
minitation  is  about  thret'  niillinietros,  the  blastoderm  in  the  new-laid 
e^g  measures  from  three  and  u  half  to  four  millimetres  (E5'lUJu*r). 
But  when  incubation  commences,  it  eximnds  so  rapidly  that  in  twenty- 
four  hours  it  is  11  or  12  miUimctros  in  diameter,  and  by  the  end  of  the 
second  day  it  reaches  twice  that  size,  IJy  the  continued  expansion  of 
ita  borders  it  covers  more  and  more  of  the  .'spherical  yolk,  passing  after 
a  time  the  equatorial  line  and  approaching  its  opposite  polo.  At  the 
end  of  the  fourth  day  there  is  only  a  small  space  which  it  has  not  i>t 
covered,  and  by  the  sixth  day  it  has  completely  enveloped  the  yolk  iti 
a  sac-like,  membranous  extension.  The  nutritive  vitellus  is  thus  finalJv 
enclosed  by  the  expanding  blastoderm. 

Area  Pellncida  and  I'rimifire  Trace.—The  next  moat  striking  feai 
ure  of  the  incubated  egg  is  the  appearance,  at  the  central  part  of  t\m< 
blastoderm,  of  the  circular  spot,  known  as  the  "area  |x*llueida."  It  is 
so  called  from  its  transparent  appearance,  due  to  the  uniform  structure 
and  close  approximation  of  the  cells  of  the  external  blastodennic  luyrr 
in  this  situation.  The  area  pellncida  occupies  about  one-half  the  exieiii 
of  the  whole  blastoderm,  which  is  at  this  time  from  four  to  five  milli- 
metres in  diameter.  It  is  surrounded  by  the  remaining  non-transparent 
portion  of  the  blastoderm,  the  "  area  opaca,"  the  opacity  of  which  is 
due  to  the  fact  that  its  internal  blastodermie  layer,  formed  of  Iarg«. 
loosely  packed  and  rounded  cells,  is  two  or  three  times  as  thick  as  lb* 
external  layer.     In  the  area  pellucida,  on  the  contrary,  the  principal 
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thickness  of  the  blastoderm  is  formed  by  the  external  layer ;  the  inter- 
nal conisisting  of  only  a  single  ranpe  of  cells,  often  incompletely  eon- 
tinuous.  As  the  blasloderm  onlarpes,  its  arfa  pellueida  eueroachew  on 
the  space  previoni^iy  occupied  by  the  area  opoca ;  and  the  area  opaca 
expands  in  turu,  advancing  l>eyond  the  borders  of  the  transparent  por- 
tion. The  area  pellueida  tsoon  assumes  an  oval  form,  placed  trans- 
versely to  the  long  axis  of  the  egg ;  and  the  body  of  the  embryo  will 
afterward  occupy  the  same  position,  the  wider  end  of  the  oval  corre- 
sponding to  the  future  situation  of  th*^  ln-iid,  its  narrower  cml  to  that 
of  the  tail. 

Not  long  after  the  formation  of  the  area  peJlncidni,  it  pro-ents  in  its 
longitudinal  axis  a  slight  linear  eminence,  caused  by  loaU  thickening 
and  condensation  of  the  external  blastodermic  layer.  This  is  known 
as  the  "  primitive  trace."  It  appears,  from  the  tenth  to  the  fourteenth 
hour  of  incubation,  as  an  ilklefined  linear  opacity,  about  one  milli- 
metre in  length  and  (K2  millimetre  in  width,  of  a  straight  or  slightly 
sinuous  form,  and  somewhat  eccentric  in  position,  occupying  rather 
the  posterior  than  the  anterior  portion  of  the  area  pellueida  It  shows, 
alonf;  the  median  line  on  its  upper  surface,  a  shallow  depression,  the 
"primitive  I'urrnw,"  and  by  the  fifteenth  hour  of  iiifubatiuu  ii  is  fully 
constituted  in  all  its  parts. 

The  primitive  trace,  although  it  indicates  the  direction  uf  the  longi- 
tudinal axis  of  the  future  embryo,  is  not  an  initial  formation  of  the 
embrA'onic  organs,  and  lakes  no  direct  port  in  their  development.  It 
is  a  transitory  structure,  which  disap{>ears  soon  after  its  production, 
and  gives  place  to  others  of  more  permanent  signiBeance.  But  it  is  a 
feature  of  much  interest,  as  the  earliest  local  niodiGcation  in  the  trans- 
parent portion  of  the  blastoderm. 

Formalion  of  Three  liJaHlndermif  Layerg. — The  blastoderm,  at  the 
time  of  its  apj>earance  in  the  new-laid  egg,  consists,  as  above  described, 
of  two  layers  of  cells,  namely,  an  external  and  an  internal.  Of  these, 
the  external  alone  is  fully  constituted;  the  internal  being  less  complete 
and  more  or  less  discontinuous  in  the  eentral  portions  of  the  blastoderm. 
But  a  few  hours  after  the  commencement  of  incubation,  the  internal 
bla8to<iermic  layer  becomes  continuous  throughout,  forming  everywhere 
a  distinct  consi.stent  cri)ansion.  Within  the  limits  of  the  area  f)ellucida 
its  cells  assume  a  flattened  form,  Wing  thus  .still  further  distinguished 
from  those  of  the  external  layer,  which  in  this  situation  are  more 
cylindrical  in  figure  and  multiply  with  great  rapidity.  Soon  flft4?r- 
ward  a  third  blastodermic  layer  makes  its  appearance,  between  the 
other  two,  comjwsed  of  uniformly  rounded  cells.  It  is  first  produced 
along  the  line  of  the  primitive  trace,  and  thence  extends  laterally  on 
each  side,  diminishing  in  thickness  until  it  terminates,  at  some  distance 
from  the  median  line,  in  a  thin  edge.  In  the  region  of  the  primitive 
trace  (Fig,  IH.3}  the  blastoderm  is  then  composed  of  three  cellular 
layers,  which  have  received  distinct  names,  and  which  afterward  give 
origin  to  ail  the  organs  of  the  embryo,  namely:  Ist,  the  external  bias- 
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todt'rmic  layer,  or  Ectodrnn,  which  proflurfs  the  cerebro-spinal  una 
and  the  te^rumcntory  epidermis;  2d,  the  internal  layer,  or  Enlodrrm, 
producing  the  intestinal  and  g-landukr  epitheliuoi;  and  3d,  the  inU'U 
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nK>diate  la^-er,  or  Mesoderm,  from  which  the  great  masn  of  the  nnw 
cular  system,  the  blood  and  circulatory  apparatus,  and  the  vascular 
tissues  in  penernl  are  subsofjnciitly  developtid. 

Folds  of  the  Blanloderm. — Thr  forni  of  the  embryo  and  iti;  differeot 
parts  is  sketchid  out,  in  all  cases,  by  a  series  of  folds,  which  show 
themselves  at  various  points  in  the  blastoderm.  This  membrane  pre- 
sents at  first  a  flat  surface  ;  or,  if  it  have  a  certain  degree  of  convexity, 
corresponding  with  that  of  the  yolk  upon  which  it  lie?,  this  convexitv^H 
is  perfectly  uniform,  and  too  slightly  pronounced  to  be  appredadM^H 
within  the  limits  of  the  blastaderni.  But  as  soon  as  developmeat 
begins  to  make  definite  progress,  thi^  uniformity  of  surface  is  broioo 
by  the  appearance  of  transverse  an<l  longitudinal  folds,  forming  lin»*s 
of  separation  between  different  parts  of  the  blastoderm.  Such  a  fold, 
rumjing  in  a  curvilineur  direction  from  side  to  side,  marks  the  poeitioD 
of  the  head  of  tlie  embryo,  and  \^  called  the  "head-fold."  Its  firee 
border,  prryecling  above  the  neighboring  portion  of  the  blastodenii, 
liecomes  the  head,  which,  as  wh'H  as  tlie  neck,  is  curved  forward  and, 
downward,  in  the  subsequent  stages  of  growth,  with  the  deepening 
the  fold  which  first  gave  it  origin  as  ii  distinct  part.  A  similar  fold 
the  posterior  portion  of  the  area  pclhu-ida.  marks  off  the  binder 
tremity  of  the  cnihryo,  and  is  called  the  "  tail-fold-''  Longitiidin, 
folds,  formed  in  the  same  manner  on  each  side,  fix  the  lat^^-rnl  limitj; 
the  body  of  the  embryo. 

By  tills  means  a  certain  portion  of  the  })lastoderm  ItecomcB  mark 
off  from  the  rest.     The  part  included  within  the  transverse  and  Ion 
tudinal  folds  is  the  body  of  the  embryo ;  while  that  remaining'  outsii 
tliese  limits  becomes  developed  into  accessory  organs,  playing  an  VO' 
portant  but  seeandary  part  in   the  history  of  development.     Similar 
folds  of  tlie  blastoderm  alir^o  make  their  appearance  within  the  bod; 
of  the  embryo,  and  are  the  principal  means  of  formation  for  it3  diffc 
ent  organs.    A  pair  of  longitudiiml  ridges,  adjacent  to  the  median  Urn 
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form  the  two  halves  of  tho  corebro-spinal  axis^  which  oftcrward  coalesce 
with  each  other  along  their  dort>al  edges;  and  the  formation  of  the 
intestinal  canal,  as  well  as  its  inelogure  by  the  abdominal  wullt*,  results 
from  the  growth  of  lateral  UthiB  which  curve  downward  and  inward, 
to  meet  on  the  median  line  below.  Thus  the  body  of  the  embryo, 
consisting  mainly  of  the  thickened  ectoderm  and  mesoderm,  ifl  at  first 
epn^ad  out,  in  a  nearly  uniform  plane,  over  the  surface  of  the  yolk, 
resting  upon  the  entoderm,  which  represontH  the  epitljelial  lining  of 
its  future  alimentary  canal.  But  as  the  dopr^ss<*d  foUls  of  its  lateral 
borders  penetrate  more  deeply  below  the  general  level,  the  sidcB  of 
the  embryo  shut  in  between  them  a  cavity,  which  is  afterward  com- 
pleted by  the  union  of  it8  edges,  and  thus  finally  t-mbraces  the  ali- 
mentary canal,  with  the  other  thoracic  and  abdominal  organs. 

The  above  changes,  which  tlius  determine  the  configuration  of  the 
embryo,  result  from  the  special  activity  of  growth  in  particular  parts 
of  the  blastoderm.  If  this  mrmbrane  were  to  grow  only  at  its  edges. 
it  would  simply  extend  farther  over  the  vitellua,  its  central  portions 
remaining  as  before.  If  it  were  to  increase  everywhere  at  a  uniform 
rate,  it  would  become  thicker  as  well  as  more  extensive,  but  without 
any  special  alteration  of  form.  This  is  what  really  takes  place  during 
the  early  production  of  the  blastoderm,  which  at  first  expands  on  all 
fiides,  retaining  its  original  uniformity  of  surface. 

But  with  the  commencement  of  incubation  the  blastoderm  grows 
more  rapidly  at  particular  jwintw,  and  along  certain  lines,  than  elsr- 
where.  What  may  be  the  determining  cause  of  such  a  concentration 
of  growth,  it  is  impossible  to  say ;  but  its  result  is  that  the  blastoderm, 
enlarging  with  difTfrent  degrees  of  rapidity  in  different  regions,  is 
thrown  into  undulati<uis,  which  indicate,  by  their  position  and  size, 
the  unequal  expansion  of  its  mass.  Thus,  if  it  grow  more  rapidly  at 
one  iwint  than  in  the  adjacint  ports,  it  will  form  at  that  spot  either  an 
eminence  or  a  depression,  according  as  it  meets  with  less  resistance 
aiiove  or  ImIow.  If  a  similar  rapidity  of  increase  should  take  place 
along  a  transverse  line,  the  consequence  would  l)e  a  transverse  fold  ; 
and  if  in  an  antero-posterior  direction,  it  would  cause  a  longitudinal 
fold.  The  subsequent  history  of  embryonic  development  shows  con- 
tinual repetitions  of  this  process,  often  on  a  much  larger  scale  than 
in  the  blastoderm.  The  foMs  of  the  intestinal  canal,  the  valvulte  con- 
nivent^s  of  its  mucous  membrane,  the  convolutions  of  the  brain,  and 
the  tubular  windings  of  the  perspiratory  glands,  with  many  other 
analogous  forms,  are  produced  in  a  similar  way.  All  these  structures 
are  at  first  smooth  or  straight.  They  l)eeome  thrown  into  folds  or 
convolutions  during  the  development  of  the  embryo,  whenever  they 
grow  more  rapidly  than  the  surrounding  parts. 

Position  of  (he  Embnjo  in  the  Egg. — Although  the  blastoderm  is  at 
first  apparently  of  uniform  structure  throughout,  yet  each  particular 
part  has  from  the  beginning  a  physiological  individuality,  which  leads 
to  ite  subsequent  development  Into  a  special  organ  or  part  of  an  organ. 
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This  is  evident  from  the  manner  In  which  the  local  activity  of  notritioo 
gives  rise  to  the  appearance  of  folds,  running  in  definit4?  directiotui, 
and  doterminiujr  iu  this  way  the  future  location  of  the  head,  the  tAil, 
and  the  sides  of  the  body.  Bui  it  is  manifested  still  more  remarkably 
in  the  jjosition  of  the  entire  embryo.  The  yolk  of  the  fowl's  egg  his 
a  nearly  retrnlar  spherical  form  ;  and  the  cicatricula,  as  well  as.  th«*  bUri- 
toderm  into  which  it  is  converted,  is  a  circular  &pot  upon  it*t  surfaoe. 
The  ovoid  form  prc5<ented  by  the  whole  egg,  with  one  round  and  one 
pointed  extremity,  results  from  the  deposit  of  albumen  around  the  y> 
in  the  middle  and  lower  parts  of  the  oviduct,  after  fecundation 
taken  place.  But  when  the  rudimentary  embryo  first  bocom< 
ceptible  in  the  area  |K*llueida,  it  is  so  placed  in  the  large  major 
instances  as  to  lie  croHSwise  to  the  long  axis  of  the  ogg,  with  its  le 
side  toward  the  round  end  and  its  right  side  toward  the  pointed  eai 
Even  before  incubation  hatr>  commenced,  one  particular  portion  of  tl 


Trassvemk  Sbctiom  or  EM«Rro  Ciiici,  s<?cond  d»y  of  <ocnh«tlon.  thrmiirh  open  portioo  of  ■»- 
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circular  blastoderm  Is  destined  to  become  the  head  and  another  portion 
thp  tail ;  and  eonsotjuently  every  one  of  the  future  organs  of  the  emhryo 
has  its  point  of  oriprin  already  fixed. 

Bonta!  Ptatea,  MefivUartj  Canal,  and  Cerebro- Spinal  AHs, — ^Dnrirp 
the  first  rlay  of  incubation  the  primitive  trRtr  in  bordered  on  each  sidi* 
and  around  it.s  two  cxtreniitips  by  n  thickened  extension  of  the  bla»it«>- 
derm,  whir-h  rupidly  assumes  an  elomratt-d  form  and  grows  more  rapidly 
in  the  anterior  than  in  the  posterior  direction.  Early  in  the  second 
day  there  apjK-ar,  within  the  embryonic  spot,  in  front  of  the  primitiTr 
trace,  two  parallel  long-itudinal  ffijds  of  the  ectoderm,  which  project 
above  the  surface,  leaving'  lK'twe»n  Hicro,  along  the  median  line,  a  cor- 
responding longitudinal  depression  (Fitf.  184).  These  ectodermic  folds 
are  knov^ni  us  the  "dorsal  pintcja."  and  the  depression  between  them  is 
the  "  medullary  groove."  As  the  dorsid  jilates  increase  in  heiirht,  their 
edges  curve  inward,  and  tfie  intervening  groove,  which  is  lined  %i-ith 
the  cells  of  the  ectoderm,  })ecomcs  deeper  and  more  capacious.  By  a 
continuance  of  this  process,  the  edges  of  the  dorsal  plates  are  morf 
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closely  approximated,  and  the  medullary  groove,  at  Qrst  widely  open 
along  the  dorsal  surface,  is  reduced  at  its  opeoing  to  a  comparatively 

K     narrow  dssure  (Fig.  185). 

■  FiQ.  185. 
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wutXvr9M»%  Sbttto;*  or  Ewbryh  rmrK,  throti((b  narrowed  portion  of  oKMliillory  i;touv(>. — V(r- 
Medullftrj  (ffoove.  l>p.  I>ur<al  pliut"*,  Kci-  Kct™iprifi.  JVrf.  M<'*«"lerm.  AV.  KnUMjr>rm.  Oi. 
Chorda doniallii.    p.  PeriloueitJ  spiuiu.    «  u.  Kiubrfouk- sorta,  one  on  each  «klc.    iKolilkor.) 

That  the  dorsal  plates  are  formed,  in  the  manner  above  described, 
iiy  folds  of  the  ectoderm,  is  plain  from  the  fact  that  at  this  time  the 
layer  of  ectodcruiie  cells  Fiuitjo-  the  niedullarv  proove  is  reflected  con- 
tinuously on  each  ^ide,  at  the  ed^^cp  of  the  dorsal  platee,  upon  the  adja- 
cent free  surface  of  the  blastoderm.  Finally,  the  dorsal  plates  come  in 
contact  at  their  ed<res  and  coales^ce  with  each  other,  thus  obliterating 
the  fissure  between  theui,  and  converting  the  medullary  groove  into  a 
closed  canal  (Fig.  186).  When  thi-s  change  i."  aeconiplif^hed.  the  ecto- 
derm, which  was  originally  continuous  throughout,  is  divided  into  two 
portions — a  thicker  portion  liuiug  the  cavity  of  the  canal,  aud  a  thin- 

FiQ.  186. 


TautiTsssK  SKcnoN  07  EwnKTo  Oiicx,  throuKti  c]owd  portion  of  mediiUarf  canal. — Me.  MeduU 
U17  cAnol.  KtA.  Ectodonn.  But.  Entoderm.  Md.  Md.  Outer  and  inner  laminK  of  Metodcno.  p. 
PeritoTte*!  space.    cA,  Chorda  dorsidla.    n  «.  AnrtA.     (K'MUkerl 


ner  portion  covering  the  canal  along  the  median  line  and  thence  ex- 
tending laterally  over  the  general  surface  of  the  b]ai«toderm.  The  catial 
thus  formed  is  the  "  me<lullftry  canal."  The  layer  of  cells  by  which 
it  b  surrounded  afterward  produces  the  brain  and  spinal  cord,  or  the 
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cerebrospinal  axis;  and  the  canal  itself  becomes,  in  the  adnlt,  tlx^crn- 
tral  cunal  of  the  spinal  cord,  with  its  continuations  in  the  encephalon, 
namely,  the  fourth  veutricle,  aqueduct  of  Sylvius,  and  third  ventricle. 
The  external  portion  of  the  ectoderm,  rcmuinin^  outside  the  niedulittry 
canal  and  covering  the  surface  of  the  embryo,  becomes  the  epidermic  j 
layer  of  the  general  integument. 

The  coalescence  of  the  dort^al  plates,  by  which  the  medullary  groov: 
is  converted  into  a  canal,  does  not  take  place  at  the  same  time  throufrh-j 

out.  It  is  first  completed  in  th(* 
middle  portion  of  what  wUl  after- 
ward be  the  head;  the  anterior  part 
of  thf  cneephalou,  and  the  eenicall 
and  dorsal  portions,  remainin;;  opeo 
until  a  later  period.  Their  final  ck»^ 
ure  proceeds  in  a  general  direction  | 
from  Ix'forc  backward,  occupying 
successive  portions  as  developniTnt 
goes  on,  and  reaching  at  la^t  the 
terioT  extremity. 

The  dorsal  plates,  as  the  imme 
diate  precursors  of  the  cere bro-spin all 
axis,  are  the  first  distinct  indic4itina 
of  a  permanent  embryonic  organ. 
Their  relation  to  the  primitive  trace 
is  not  very  well  defined,  and  it  is 
doubtful  whether  they  are  es|>ecially 
connected  with  its  formation.  Tbry 
first  appear  in  advance  of  its  anterior 
A  extremity  ;  and.  ultiiough  the  meduU 

lary   groove    between    them    corre- 

,«*«KTARTE^„yOOPTHKrHtCK,«tlhe»P""^»      >«      ^^^      P*^'^^^^'      longiludlttd 

thirtieth  hour  of  inciiijation.    /v.  Prou>-  direction  With  the  mcdiau  furrow  of 

;r.riv'c~;.'".",s.-?K",t:!:"  "»•  p""""-''  •«"'■  '■^•^  "'•» «-  "«< 

uniformly  continiious,  but,  aeconlinjc 
to  Kiilliker,*  are  often  laterally  displaced,  the  one  falling  a  little  to  the 
right,  the  other  to  the  left.  The  medullary  groove  b  moreover  consid- 
erably wider  than  the  primitive  furrow  ;  and,  while  the  cephalic  region 
of  the  embryo,  hhi  well  as  its  cervifiil  and  dorsal  portions,  grow  very 
rapidly  with  the  progress  of  incubation,  the  j)rimitive  trace  remains 
confined  to  the  caudal  extremity.  Its  greatest  length,  about  the  thir- 
tieth hour  of  incubittion,  in  rather  less  than  two  millimetres;  It  begiui» 
to  diminish  porcoptihly  IVon)  the  fortieth  to  the  forty-second  hour,  and 
at  the  end  of  ilie  second  day  has  almost  disapjH-'ared,  By  this  lime 
the  medullary  canal  is  closed  for  nearly  the  whole  length  of  tbe  oore- 
bro-spinal  axis. 


*  Embryologie.     Paris,  1879,  pp.  109,  Ul. 
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Protorertebra?,  Chorda  Dormlis,  and  Vertebral  Column.  —  Ou  the 
first  appc^anince  of  ihu  dorsal  platen  and  medullary  groove,  at  tho  bo- 
^iuning  of  tho  8econd  day  of  incubation,  these  structures  occupy  the 
autcrior  half  of  the  rudimentary  embryo,  or  that  portion  which  will 
afterward  become  the  head.  Immediately  behind  this  rei^ion,  and 
8li<?btly  in  front  of  the  primitive  trace,  a  transverse  division  becoraed 
ap]mrent  on  each  side  at  a  little  distance  from  the  median  line.  This 
divi^sjon,  though  visible  externally  n^  »  transparent  line,  is  really  situ- 
ated in  the  mesoderm,  the  cells  of  whieh  undergo  disintegration  at  this 
point  along  a  transverse  plane,  thus  causing  a  Reparation  between  its 
anterior  and  posterior  portions.  A  second  line  of  division  soon  follows, 
parallel  to  the  first  and  aliout  0.75  millimetre  behind  it,  including  be- 
tween the  two  a  nearly  rectangular  mass  of  the  body  of  the  embryo. 
Almost  immediately  a  third  line  appears  in  atlvauee  of  th«'  first ;  an<l 
by  this  means  there  are  formed  ou  each  side  two  welWefined  quad- 
raagular  .-iections  of  the  mesoderm,  i  Fig.  IHT.)  They  are  the  pn^cur- 
florn  of  a  longitudinal  ebuin  of  siiuilur  riivistons,  appearing  ftuceessively 
from  before  backward,  until  in  the  fourth  day  of  incubation  they  form 
a  series  of  twenty-one  or  twenty-two  pairs.  From  their  early  apjwar- 
ance  and  their  resemblan'i;'  to  the  nrticulation.s  of  the  future  vertebral 
jlumn,  they  have  received  the  uamo  <if  the  "  protovertebnB." 

The  protovertebra;  first  formed  correspond  in  situation  with  the  ante- 
fior  cervical  region  of  the  embryo.  The  second  pair,  in  the  order  of 
formation,  is  placed  in  ndvanee  of  the  first  ;  while  the  third  pnir  appears 
immediately  Iw^hind  il.  ( Fig.  188. )  .Vt  lliis  tinu-  the  closure  of  the  dorsal 
plates  has  taken  pl«ce  throughout  the  middle  portion  of  the  head,  while 
in  the  anterior  and  ]u»sterior  cephalic  regions  the  medullary  groove  ia 
still  op«>n.  In  the  cervical  region,  where  the  protovertebra?  are  being 
formed,  this  groove  has  but  little  depth:  nud  fnrther  back,  near  the 
situation  of  the  primitive  trace,  il  is  widur  and  shallower  still.  As 
additional  protovertebras  become  visible  at  the  end  of  the  series,  those 
of  latest  formation  are  always  at  the  same  distance  in  front  of  the  prim- 
itive trace.  This  shows  that  they  art^  formed  from  new  material  sup- 
plied by  a  rapid  growth  of  the  blastoderm  in  this  situation;  each  pro- 
tovertebra taking  the  plaw  of  that  which  preceded  it  in  the  order  of 
formation,  but  falling  tKhind  in  the  linear  series.  In  an  embryo  show- 
ing seven  or  ci^/ht  pairs  of  protovertebra?,  as  in  Fig.  189,  the  last  pair 
is  still  considerably  in  advance  of  the  caudal  extremity  ;  and  the  re- 
maining pairs,  belonging  to  the  dorsal  region,  are  still  to  be  formed  by 
the  same  process.  At  this  time  the  medullary  canal  is  closed  through- 
out its  ce])halic  portion,  but  is  still  open  in  the  cervical  region  at  the 
level  of  the  third  pair  of  protovertebra\  From  this  point  backward  it 
beconaes  gradually  shallower  and  wider,  expanding  to  its  greatest  width 
in  the  caudal  region,  where  it  embraces  the  anterior  extremity  of  the 
primitive  trace.  When  the  protovertebra*  have  reached  their  full  num- 
iber,  at  the  fortyniiglitb  or  fiftieth  iiour  of  incubation,  the  caudal  portion 
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of  the  medullary  fin^oove  BtUI  extendi;  a  certain  distancp  beyond 
and  they  are  also  absent  from  the  region  of  the  hea<i. 

The  subse{(uent  history  of  the  protovertcbrw  consists?  in  their  trans-] 
formation  into  other  tissues  and  their  final  disappearance  ajs  distinct 
organs.     Their  upper  and  outer  portions  arv  mainly  converted  into  tba] 
voluntary  muscles  covering  the  spinal  column,  while  their  inferior  and] 
inner  portions  supply  tlie  material  for  the  bodies  of  ibo  vcrt«brie,  Um 
yertebral  arches,  and  the  intervertebral  ligaments.    During  this  proccf»1 


Fio.  188. 


FI0.1S9. 


IWI 


MJ 


Pt^\ 


^<^ 


RUDIHEKTABY     EmbBYO 

OF  TiTB  Chick,  at  the 
(hlrly-sixtb  huuruf  In- 
ciibatiitu.  Djt.  Dorsal 
plates,  copbaUc  region. 
Mg.  Medullary  grooTA. 
Pv.  Anterior  pair  of 
prolovertfljrtt',  ( Kiil- 
Uk<.r.) 


Emdiito  ovriiicic,  m  .ihJiourofl 

cuhnUnn4     '>.  <"i«pii  itr      F^ .  PrT>t<v 

TertcJirre.    D}i.  tHir-:>     p  -till   wW«!lj-  wjk 

Ariit«J    in    U)0   catidtU  rngion.     /V.    PrtmiUvc 
Irnco.    (KolHkcr.) 


I 


they  become,  for  thf  most  part,  fused  with  each  other  in  the  longitQ- 
dinal  direction,  and  by  the  end  of  the  fifth  day  the  divisions  l)etw«ea 
them  are  no  longer  visible. 

The  chorda   dorsaiis,  already   mentioned   (page  620),  is  a  sloodcrJ 
longitudinal  eylindiT,  rather  lei^s  than  0.1  millimetre  in  diameter,  situ^l 
ated  in  the  median  lino,  between  the  ectoderm  and  entoderm,  inuDe^^ 
diately  beneath  the  medullary  cunal.    It  first  appears,  from  ibo  twentiAt 
to  the  twenty-fourth  liour  of  incubation,  at  the  posterior  part  of 
medulhiry  groove.     It  thence  extends  forward,  during  the  second  day, 
to  a  point  corresponding  with  the  middle  r^ion  of  the  head.     It  ia 
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corapo^d  of  uniformly  rounded  cells  agglutinated  with  vavh  other,  aa 
shown  in  Fiir!«.  184,  185,  iHfi. 

During  the  third  day  the  inner  and  lower  portions  nf  the  protover- 
tobrBe  extend  toward  the  median  line  in  such  a  manner  as  to  surround 
the  chorda  dor^lis.  above,  below,  and  on  each  side,  with  an  investment 
of  new  material.  As  theao  newly  formed  portions  of  the  protoyertebne 
coalesce  with  each  other,  the  chorda  dorsali'^  bi'comes  covered  with  a 
continuous  tubular  sheath,  or  investing  membrane.  This  forms  a  rudi- 
mentary vertebral  column ;  since  the  substance  of  the  gheath,  in  the 
further  progress  of  growth,  becomes  first  cartilaginous  and  afterward 
b«uiy,  pro<lucing  finally  the  bodies  of  the  vertebrse. 

"While  the  nheath  of  the  chorda  dorsalis  is  thus  formed  from  tho 
inner  and  lower  portions  of  tho  protovortebrae,  their  inner  and  upper 
portions  extend,  as  a  thin  expans^Ion  on  each  side,  between  the  medul- 
lary canal  and  tho  tegumentary  layer  of  the  ect«jdonn.  On  tho  fourth 
day  these  lateral  growths  meet  and  coalesce  at  the  median  luie,  on  the 
dorsal  aspect  of  the  embryo;  and  the  embryonic  spinal  cord  is  then 
enclosed  in  a  membranous  investment,  similar  to  that  of  tho  chorda 
dorsalis.  In  this  investment  there  are  afterward  formed  the  oblique 
processes  of  the  verlebrie,  which,  by  uniting  with  each  other  in  the 
0ainc  waj'  on  tho  median  line,  finally  enclose  the  ccrcbro-spinal  axis  in 
&  peries  of  vertebral  arches.  Tho  deposit  of  cartilaginous  nuitter,  in  the 
double  memliranous  tub«?  thus  formed,  takes  place  at  successive  points 
in  a  linear  series ;  and  from  each  pttint  the  cartilaginous  dojiosit,  as 
well  as  its  subsequent  ossification,  extends  gradually  to  its  final  limit, 
The  intervening  portions,  not  converted  into  cartilaginous  and  bony 
tissues,  become,  between  the  bodies  of  the  vertebrw,  the  intervertebral 
ligaments,  and  between  the  dorsal  arches  the  yellow  ligaments  of  the 
vertebree. 

But  in  this  transformation  of  a  portion  of  the  protovertebra;  into 
a  permanent  spinal  column,  tho  final  nrrangemetit  of  the  parts  is  differ- 
ent from  that  at  the  beginning.  When  the  curtilages  of  the  permanent 
vertobroe  make  their  appearance,  thcj'  do  not  correspond  in  situation 
with  tho  original  protovertebriD.  Sul>sequenlly  to  the  fusion  of  the 
protovertcbrn>  with  each  other,  a  new  segmentation  takes  place,  the 
lines  of  division  jmssing  thrnngh  the  former  intervening  spa<'es.  Kaeh 
pennanent  vertebra  therefore  corresponds  in  position  with  the  lidjaoont 
halves  of  two  protovertebnc ;  and  tho  middle  portion  of  each  protover- 
tebra is  finally  replaced  by  nn  intervertebral  ligament. 

Area  Vtufrufoiia,  Blood  and  Jilofxl-vesfielit. — The  mesoderm,  during 
the  earliest  periods  of  incubation,  is  less  rapid  in  its  lateral  extension 
than  the  two  other  blastodermic  layers;  but  it  undergoes  important 
changes  in  texture,  which  lead  to  the  development  of  the  vascular  sys- 
tem. This  begins  in  the  second  day.  Within  the  b<idy  of  the  embryo 
at  this  time  the  mesoderm  exhibits  on  each  side,  at  some  distance 
from  the  median  line,  a  horizontal  cleft  (Fig.  185,/)),  by  which  it  Is 
divided  into  two  laminae,  one  above,  contiguous  to  the  ectoderm,  and 
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one  bolow,  next  the  entoderm ;  and  a  little  later  (Fig.  186)  the  diFirioD 

between  thera  is  more  complete.  This  cleft  represents  the  future  peri- 
toueul  cavity.  The  exterufll  lamina  of  the  mesoderm  will  afterward 
supply  the  voluntary  muscles  aud  oth«r  tissues  of  the  thoracic  and 
abdominal  walls;  while  the  iuvoluulury  muscular  layer  of  the  alimenU 
ary  canal  id  dcrive<l  from  its  iiiternal  lamina.  Outside  the  body  of 
the  embryo  the  mternal  lamina  increases  in  thickness,  and  becomes  of 
great  iaiportaucc  in  th«^  formation  of  the  blood  and  blood-vessels. 

The  first  appearance  of  vascularity  shows  itself,  early  in  the  second 
day,  in  the  parts  immediately  surrounding  the  area  pellucida.     Certttia 

Fio.  190, 
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f^>RTiO!>  ov  TiTR  Vascvlar  Area,  (Vom  the  blafitodprtn  uf  tbo  ehlok  at  the  fortieth  hour  of  In 
bbtion,  showing  bloU  of  ttluod  nad  embrj'ouic  bluM<t-vi<sst!lii.     Cr.  Vuna  Lenuiiiolltf.    (ICOllUcer.) 

spots  in  the  me{>oderm  of  this  rejcrion  assume  the  form  of  irreg-ularlv- 
shaped  spaces  filled  witli  reel  blood  <rIobn1es,  which  soon  unite  with  i'«ch 
other  in  such  a  way  as  to  form  a  network  of  inosculating  ves&els.  The 
region  of  the  blastoderm  occupied  by  this  network  is  known  as  the 
"  area  vasculoi^a."  There  is  ut  first  no  arran(rcment  of  the  blood-vestieU 
in  trunks  and  branches,  nor  any  apparent  distinetion  corresponding  to 
that  of  arteries  and  veins.  All  arc  of  nearly  the  same  size,  distributed 
on  the  same  plane  and  commemicating  equally  with  each  other;  except 
that  they  are  surrouiidod  by  n  lar^^e  vessel,  the  "vena  terminalis,"  with 
which  all  the  uiljacent  vessels  eonimunieat<^  and  which  thus  forms  the 
exterior  limit  of  the  vascular  area  (Fig.  IDO).  Subsequently  a  differ- 
ence shows  itself  in  the  extent  and  rapidity  of  their  growth,  eome  pre- 
ponderating  in  size  over  the  others;  aud  by  the  end  of  the  third  day 
there  is  a  visible  distinction  between  their  trunks,  branches,  and  rami- 
fications.     At  the  same  time  the  formation  of  blood-vessels  extends 
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from  without  inward,  occupying  succcstiively  different  parts  of  the  area 
peilucida,  and  finally  reachinjf  the  hody  of  the  embryo,  into  which  they 
peuetrute  by  its  hitoral  edgi-s. 

The  main  features  of  the  development  of  che  blood  and  blood-vessel* 
are  as  follows:  First.  Their  formation  eomnieucos  in  what  afterward 
becomes  the  area  vaseulosa  ;  that  !>:,  a  part  of  the  blastoderDi  lyinp  on 
the  surface  of  the  yolk  outside  the  l>ody  of  the  embryo.  Secondly. 
The  waills  of  the  newly-fornuid  ves.'^els,  when  they  firsjit  i)ecoine  pervious 
to  the  blood,  coiit*ii?t  of  a  single  layer  of  flatt4*ned  cells,  represeiitiu|ir 
the  endothelium  of  the  adult  blood-vessels.      These  endothelial  tubes 

Fig.  lyi. 


Arsa  yAScrtxKU  OP  THK  EMBRYO  Chick,  after  thre«  und  •  haiT  days  of  iacuh«UoD.  1, 1.  Vlt^fl- 
liiie  krturira.  '2,2,2.  Vena  temilumllB.  3.  AiiU<riur  vltalllot!  T<tinA,  right  and  left.  4.  Right 
Uteral  vltvlliue  vein.    From  prepurations  by  I'rof  William  llaJIce. 

AJCtend  by  budding-  and  proliferation  through  the  area  peilucida  into  the 
body  of  the  embryo,  whsre  they  beroipe  continuous  with  the  endothe- 
lial lining  of  the  enibrynnic  blotul-vestJclH  and  heart;  and  the  muscular 
and  fibrous  coats,  of  the  heart  and  blood-vessels  everywhere,  are  ufter- 
wnrd  produced  by  a  dpvflnpriient  of  new  tissue  aroujul  the  primitive 
vascular  channels.  Thirdly.  The  first  movement  of  red  blood  is  from 
the  area  vayculosn  toward  the  embryo.  For  the  heart,  when  its  pulsa^ 
tions  begin,  durintr  the  second  day  of  incubation,  contains  only  a  color- 
less fluid  ;  the  re<l  glohides  iH'inur  then  accumulated  in  the  place  of  their 
formation,  that  is,  the  meshes  of  the  area  vasculosa.  But  by  the  move- 
ment of  the  colorless  plasma,  under  the  impulsive  force  of  the  heart's 
action,  the  red  ^'lobules  become  detached  from  their  resting-places  and 
gradually  mingle<l  with  the  circulating  current. 

When  the  system  of  the  area  vasculosa  is  fully  established,  on  the 
third  day  of  incubation,  the  body  of  the  embryo  is  surrounded  by  a 
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yascalar  plexus  in  which  the  blood  performs  a  continuoua  circtiktoif  1 
movemoQt.     The  heart  is  at  this  time  a  bent  tube  giving  origin  to  two 
main  arteries,  the  aortje,  which,  after  curving-  backward,  run  on  each 
side,  for  nearly  the  whole  length  of  the  ImmIv  of  the  embryo.  Ix-ncath 
the  protovertebraj,  in  the  inferior  lamina  of  tin-  nu'sodenn.     (Figs.  1S5 
and  186,  ao).     Near  the  post^'rior  extremity  of  the  provortebral  chain 
they  supply  two  large  branches,  the  vitelline  arteries,  which  pass  ooi, 
one  on  each  side,  to  ramify  in  the  area  vaseuiosa.     When  first  formed 
these  arteries  are  of  wide  calibre,  and  their  branches  communicate  with 
each  other  by  frequent  inosculations,  both  in  the  immediate  neighbor 
hood  of  the  embryo  and  in  the  area  vasculosa.     The  vena  terminali^,^ 
after  making  the  circuit  of  the  area  vasculosa,  curves  backward  in  frontj 
of  the  embryo  wn  i-ach  mU%  near  the  median  line,  forming  the  ant^rini 
vitelline  veing,  rigtjt  and  left.     These  veins  are  not  only  supplied  witi 
blood  from  the  vascular  plexus,  but  also  receive  inosculating  braDcb« 
from  the  adjacent  portions  oi  the  vena  terminalis.     They  continue  back-i 
ward  to  a  point  just  behind  the  situation  of  the  heart,  where  th^yj 
unite  with  two  veins  coming  from  the  sides,  the  lateral  vitelline  eWn*, , 
by  which  the  blood  is  finally  returned  from  the  area  vasculosa  to  the] 
venous  extremity  of  the  heart 

The  circulation  of  the  area   vasculosa  transfers  to  the  embryo  th«J 
nutritious  fluids  of  the  vitctkis.    The  blood  distributed  over  the  surfactj 
of  the  yolk  absorbs  its  organic  materials  and  rotarns  with  them  by  tl 
vitelline  veiii.^;  and  by  a  cootinuatiou  of  this  movement  the  nutritira] 
substances  stored  up  in  the  yolk  sac  are  utilized  fur  the  growth  i>f  thai 
embryonic  tissues.     After  the  establishment  of  this  circulation,  accord- 
ingly, the  development  of  the  embryo  goes  on  with  increased  rapidity. 
The  subsequent  changes  vary  in  different  species  aud  classes  according  j 
to  the  final  disposition  and  relative  importance  of  various  part«  ;  but  in 
all  vertebrate  auimnls  the  origin  and  early  formation  of  the  organs 
follow  a  similar  course  to  that  in  the  fowl's  egg  during  incubation. 


CHAPTER  VIII. 


ACCESSORY    EMIiRYONrr    ORGANS;     UMBILTCAL 
CLE,  AMNION,  AND   ALLANTOIS. 
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TITUS  far  thp  process  of  devolopment  relatea  to  the  principal  parts 
of  the  body  of  the  embryo.  In  some  species  this  includes  all  the 
imporlant  HtructureH  in  the  iaipreg-uati'd  e/trg ;  the  embryo  arriving 
very  soon  at  a  stairc  of  growth  iu  which  it  is  eapabltv  of  an  independent 
existence.  But  in  many  tisb  aod  reptile.s,  and  iti  all  bird-^  and  mam- 
malia, additional  structures  are  produced,  which  aid  in  the  protection 
or  nutrition  of  the  embryo  during  the  middle  and  later  periods  of  its* 
development.  In  thet*c  instances  certain  portions  of  the  blastoderm. 
like  those  forming-  the  area  vasculosa  in  (be  fowl's  egg,  remain  outside 
the  body,  and  assume  the  function  of  accessory  organs.  The  most 
important  of  these  arc  the  umbilical  vesicle,  the  amnion,  and  the 
aliautoiti. 

TJmbiiical  Vesicle. 

In  the  frog's  embryo  (page  620),  the  abdominal  plates,  closing  to- 
gether in  front,  join  each  other  upon  the  median  line;  thus  shutting  in 
the  vitellus,  and  enclosing  iJ  in  the  future  intestinal  canal. 

In  other  instances  the  abdominal  plates  do  not  immediately  embrace 
the  whole  of  tlu'  vitelline  mass,  but  approach  each  other  at  some  inter- 
mediate point;  constricting  the  vitellus  and  dividing  it  by  this  meana 
into  two  portiona,  one  of  which  ia  included 
within  the  body  of  the  embryo,  while  the 
other  remains  outside  (Fig,  192).  As  de- 
velopment proceeds,  and  the  embryo  in- 
creases in  size,  the  constriction  l>ecomes 
more  strongly  marked,  forming  a  nearly  com- 
plete separation  iM'lwccn  the  internal  and 
external  portions  of  the  vilellu.s.  The  in- 
ternal portion  remains  as  part  of  the  in- 
testinal canal ;  while  the  external  portion, 
with  its  binstodennie  covering,  forra.s  a  sac- 
like appendage  to  the  abdomen,  attached  at  the  umbilicus,  and  known 
as  the  umbilical  x^esicle. 

The  umbilical  vesicle  is  accordingly  lined  by  a  portion  of  the  internal 
blastodermic  layer,  continuous  with  the  npithelium  of  the  intestine; 
and  covered  by  a  portion  of  the  external  blastodermic  layer,  continuous 
L     with  the  integument  of  the  aMomen. 


I 


I 


Fio.  192: 


or  umbilkml  Toakle. 
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Fig.  193. 


After  the  young  animal  leaves  the  e^^,  the  umbilical  reside  ia 
specieB  becomes  shrunken  and  atrophied  by  the  abs>orpdoD  of  its  coa- , 
tents.     In  othtTs  tho  alniominal  walL^  gradually  extend  over  it,  and 
crowd  it  back  into  the  abdomen;  the  nuiritiourf  matter  which  it cao- 
tains  passing  into  the  intestine   by  the  narrow  pa^j^age   remainiiig 
between  them. 

In  man,  as  well  as  in  quadrupeds,  the  umbilical  reside  becomes  more 
completely  separated   from   the  abdomen.     Tbcroi 
is  at  first  a  wide  eomnmiiication  between  tin.'  two;i 
but  this  communioation  ia  subsequently  njirrow»4| 
liy  the  ^'raduul  constriction  of  (he  abdominal  walla, 
oud  the  opposite  surfaces  of  the    canal   at    iael 
eoine  in  contact  and  unite  with  each  other.     Thej 
passage   is    thus    obliterated;    and    the    umbilta 
vesicle  is  then  connected  vsith  the  abdomen  onlj 
by  an  imiwrvious  cord.     The  cord  i. ""  1  in-J 

erx'nses  in  length,  becoming  a  slender  i  Fig.] 

1?3),  connected  at  its  farther  t-xtremity  with  th« 
umbilical  vesicle,  which  is  filled  with  a  transparent,, 
colorless  fluid.    The  umbilical  vesicle  of  the  humnal 
foetus  is  di>:tjtictly  visible  until  the  end  of  the  Ihif 
month.     After  that  period  it  diminishes  in  size,  and  is  gradually 
in  the  advancing  development  of  the  neighboring  parts. 


HtncAN  EiiBBTO,wtth  um- 
bilical vedcle ;  About  Uie 
fifth  week. 


Amnion  and  AUantois. 

The  amnion  and  allnntois  are  closely  related  in  their  physiologicilj 
importance,  since  the  first  neces.sarily  precedes  the  formation  of 
secund.     The  amnion  is  developed    from   the   external   layer   of  \h 
blastoderm  ;  the  alluntois  from  its  internal  layer.     The  amnion  is  =4>1 
called  probably  from  the  Greek  ofivif,  a  young  lamb;  from  it«  baring 
been  first  observed  as  a  foetal  envelope  in  this  animal.     The  name  of  j 
the  allantoia  is  derived  from  the  Greek  dxxa»To*ti^i,  owing  to  lis  ek 
gated  or  sausage-like  form  in  some  of  the  domestic  animals. 

Both  these  organs  are  connected  with  the  nutrition  of  the  eubrrai 
within  the  egg.     In  birds  and  qunilrupeds,  the  young  animal,  wi 
still  enclosed  by  the  membranes,  reaches  u  high  grade  of  organucatioDj 
and  the  processes  of  ab.sorptiuu,  respiration,  and  exhalation  oc 
for  its  growth  require  a  s[)ecial  organ  for  their  accomplishment.     T! 
organ,  whiih  brings  the  blood  of  the  fcetus  into  relation  with  cxter 
sources  of  nutrition,  is  the  allajitoix. 

In  the  frog  and  similar  species,  the  internal  blastodermic  layer,  fori 
ing  the  lining  luenibrano  of  the  intestine,  is  everywhere  inclosed  bjj 
the  external  layer,  forming  the  integument.    But  in  the  higher  anrj 
a  portion  of  thr  intornni  layer,  destined  to  produce  the  allantoic,  ^ 
brought  into  contact  with  the  external  membrane  of  the  egg  for  pi 
poees  of  exhalation  and  absorption;  and  this  can  only  be  accomplisb« 
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by  openinjcr  a  paasag'e  for  it  throuicrh  tho  external  blastodermic  layer. 
This  i^  done  by  the  formation  of  the  amnion. 

Soon  after  the  body  of  the  embryo  has  hern  sketched  out,  mainly 
by  the  thickening-  of  a  portion  of  the  external  blastodermic  layer,  a 
secondary  fold  of  this  layer  rises  up  on  all  aides 
about  the  edges  of  the  newly-formed  embryo;  ho  ''"^''  '^"^ 

that  its  body  appears  as  if  sunk  in  a  kind  of  de- 
pression, surrounded  by  a  membraDou>?  ridge,  as  in 
Pig.  194.  The  embryo  (c)  is  hero  seen  in  profile, 
with  the  extermil  folds,  above  mentioned,  rising?  up 
in  advance  of  the  beinl,  and  Iwhiud  the  posterior 
ertrcmity.  The  same  thing  takes  ploce  on  the  two 
sides,  by  the  formation  of  lateral  folds  simulta- 
neously with  the  appearance  of  those  in  front  and 
iK'hind.  As  these  foldi*  are  destined  to  form  the 
amnion,  they  are  called  the  "  amniotic  folds." 

The  amniotic  folds  continue  to  jrrow,  covering  the 
embryo  and  approaching^  each  other  over  its  dorsal 
reprion  (Fi^.  195).     Their  edg-es  afterward  come  in 
contact  and  unite  with  each  other  at  this  p<:»int  (Fig 
shut  in  a  space  between  them  and  the  body  of  the  embryo 
space,  which  contains  a  layer  of  clear  fluid,  is  the 
amniotic  cavity.  *^"*' 

There  now  appears  a  prolonu-atioii  or  diverticulum 
(Fig.  195,  c),  growing  from  the  [Misterior  portion  of 
the  intestinal  canal,  and  following  the  course  of  the 
amniotic  fold  which  has  )>reeedi-d  it ;  occupying,  as  it 
protrudes,  the  space  thus  Seft  va^-ant.  This  diver- 
ticulum is  the  commencement  of  the  allantois.  It  b 
an  elongated  membranous  sac,  continuous  with  the 
posterior  portion  of  the  int<.istioc,  and  containing  nuirnun  «f  ih^  fe- 
blood-vessels    derived   from    those   of    the   intestinal 

circulation.     Its   cavitv  communicates   with   that  of      i i. 

the  intestine.  '  ^'^Zl"'*"^ 

After  the  aiunifttic  folds  have  approached  and 
tonched  each  other  over  the  back  of  the  embryo,  their  acyacont  surfaces 
ftise  together  at  the  point  of  contact ;  so  that  the  cavities  of  the  two 
folds,  coming  resfM-ctively  from  front  and  rear,  are  separated  only  by  a 
single  membranous  partition  (Fig.  19fJ,  r)  connecting  the  inner  and 
outer  luininte  of  the  amniotic  folds.  This  partition  is  afterworri 
atrophied  and  disappears;  and  the  inner  and  outer  himinie  Ijecome 
separated  from  each  other.  The  inner  lamina  (Fig.  196,  a)  remains 
continuous  with  the  foetal  intejrument,  thus  enclosing  the  umbryo  in 
a  distinct  cavity.  It  is  called  the  amniou,  and  its  cavity  is  known  as 
the  amniotic  cavity.  The  outer  lamina,  on  the  other  hand  (Fig.  19<;, 
b),  comes  in  contact  with  the  original  vitelline  membrane  and  fuses 
with  its  substance,  so  that  the  two  form  but  one.     This  membranous 
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layer,  resulting  from  the  consolidation  of  two  others,  then  conetttau 
the  external  inveetinir  menihrauc  of  the  ejcfp. 

The  allantois,  in  the  mean  time,  increaaea  iail 
Fio.  196.  size  and  vascularity.     Still  following  the  courw 

of  the  amniotic  folds,  it  insinuates  itself  between 
them,  until  it  come!*  in  contact  >\ith  the  extenaJ 
membrane  above  described.  It  then  begins  lo 
expand  laterally,  growing  round  the  boily  of  ih 
embryo,  and  bringing  its  vessels  into  contact  wit 
the  external  investing  membrane  of  the  egg. 

By  a  continuation  of  this  process  the  albntr 
completely  envelops  the  body  of  the  embryo;  it 
opposite  borders  coming  in  contact  and  fiisit 
with  each  other  over  the  dorsal  region,  in  tl» 
same  manner  as  the  amniotic  folds  had  previouilj 
wnniotic  fold.   c.  Point   donc  (Fig.  197).     It  liiH's  the  who!*'  interui 

whoro  tlip  Hniuiollc  folds 
romtt  In  contact.  Thi?  al- 
ImntoU  Is  seen  pciittnii  I  iiu 


Disfirraiu  of  the  FwiTi- 
DATED  IvHO,  with  alUn- 
tnii  nearly  compli'te. — a. 
Inner  lamina  of  ainnioUc 
fold.    h.  Outer  lamina  "f 


face  of  the  investing  membrane  with  a  flat! 
vascular  sac;  its  blood-vessels  coming  from  tl 
between  tiio  iuuor  nti<i  jntorinr  of  the  bndv  of  the  embryo,  and  its  c^vitt 

oatcr  Umlaa;  of  tbo  aa-        .,,  .        .    •  •   .      ^i         '  *.      i         •  • 

nioUcfuidd.  ^tiH  ct>mmuuiL*ating   with  that  of  the   inteblmi 

canal. 

It  is  evident,  accordingly,  that  there  is  a  close  connection  botween  ■ 
the  formation  of  the  amnion  and  that  of  the  allantoiB.     It  is  by  this 
meaoB  that  the  allantois,  which  is  «►! '         'v 
Ficj.  197.  an    extension    of    the    internal    blu- 

layer,  comes  to  be  situated  outside  the  em- 
bryo and  the  amnion,  and  is  brought  intoj 
relation  with  surrounding  media.  The  t\ 
luminse  of  the  amniotic  folds,  by  scparatinfcl 
from  each  other  as  above  described,  open  « 
passage  for  the  allantois,  through  which  it 
comes  in  contact  with  the  external  membnuiOTis 

investment  of  the  n)!;!;^. 

Diafrram  of  Hit-  fucuwdatki.       Physiological    Action   of  the   Allantoig. 
Ego.  with  thf  siiaiitoi*  fuUy  The  physiological  action  of  the  nllantojs,  i« 

formed.— <f.  Cmbilicu]   vetiicle.     ,.  .       ',  i  .  i  ^      i.     i         •  i 

6.  Amnion,  c  Aii»Dtoi«.  'ts  Simplest  character,  may   Ik.'  studied  wiU 

advantage  in  the  fowl's  ^^[t,  where  it  formal 
an  extensive  and  highly  vascular  organ,  without  itnti..rt.iiir  moc 
tion  of  its  original  gtnicture. 

The  e\s^;  of  the  fowl  contains,  when  first  laid,  uu  abuudant  dep 
of  semi-solid  alhuniinoiis  matter  in  which  the  yolk  is  envelojKMj.  Thi 
affords,  in  connection  with  the  yolk,  a  sulUdent  quantity  of  moisture' 
and  organic  nutriment  for  the  growth  of  the  embryo.  The  neccssarj 
warmth  i.s  supplied  by  the  fowl  in  incubation ;  and  the  atinospherif 
ga«es  can  pass  without  difficulty  through  the  porous  shell  and  it 
lining  membranes.  tJn  the  commencement  of  incubation,  a  liquefa 
tion  takes  place  in  the  albumen  above  the  blastoderm ;  allowing  tl 
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vitellus  to  riw  toward  the  surface  by  virtue  of  its  lees  specific  gravity, 
and  briDginji?  the  hhistrjiii-rm  nlmo«t  immediately  beneath  the  liniug 
membrane  of  the  tfhtll.  The  embryo  is  thus*  i)hiced  in  a  favoruble 
position  for  the  reception  of*  warmth  and  other  necessary  external 
iuBuences.  The  liquefied  albumen  i»  absorbed  by  the  vitelline  mem- 
iKraDe,  au«l  the  yolk  becomes  larger,  floftcr,  and  more  diffluent  than 
'llBforc  incubation. 

In  the  earliest  stag:es  of  the  embry«>nie  circulation  the  body  of  the 
embryo  is  surrounded,  in  the  adjacent  parts  of  the  blastoderm,  by  the 
inosculating  blood-vessels  of  the  area  vasvtdosa  (page  637).  As 
development  proceeds,  this  area  increases  in  extent  and  it^  circulHliori 
becomes  more  active.  It  covers  the  upiwr  hemisphere  of  the  yolk ; 
and  then,  passing  this  level,  embraces  more  and  more  of  its  inferior 
hemisphere,  extending  nearly  to  its  opposite  pole. 

During  this  jveriod  the  amnion  and  the  allantois  are  in  process  of 
formation.  At  first  the  embryo  lies  upou  its  aljdomen,  as  heretof«>re 
described ;  but,  as  it  increases  in  size,  it  alters  its  ptjsition  so  as  to  lie 
upon  its  left  side.  The  allantois,  emerging  from  the  alKlominal  cavity, 
turns  upward  over  the  body  of  the  embryo,  and  comes  in  coitlact  with 
the  shell  memliranc.  It  then  expands  in  every  din'ction,  toward  the 
extremities  and  down  the  sides  of  the  egg,  enveloping  the  embryo  and 
the  vitelline  sac,  and  taking  the  place  of  <he  albumen  which  has  Ix^en 
liquefied  and  absorl)ed. 

When  the  umbilical  vesicle  is  formed,  b/  ♦he  partial  se|>iir»tion  of 
the  yolk  from  the  ab<lomen  of  the  emiiryo,  th«  vessels  of  the  area  vas- 
culosA,  at  first  distributed  over  the  yolk,  then  vamify  upon  tho  surface 
of  the  umbilieal  vesicle. 

At  last  the  allantois,  by  its  continued  growth,  surrounds  nearly  all 

the  remaining  parts ;  .^lo  that,  at  whatever  point  the  egg  may  hi  opened, 

the  internal  surface  of  the  shell  membrane  i»  found  to  be  lined  with  a 

vascular  expansion.    This  expansion  is  the  allantois,  supplied  by  arteries 

I^MWrging  from  the  ijofly  i»f  the  embryo. 

The  allantois  in  the  fowl's  egg  is  accordingly  adapted,  by  its  structure 
and  position,  to  perform  the  office  of  a  re.<*piratory  orgaa.  The  air 
penetrates  from  without  through  the  porous  .shell  and  its  Uning  mem- 
branes, and  HOt>  upon  the  blood  in  the  vessels  of  the  allantois  in  the 
same  way  as  in  the  pulmonary  capillaries  of  the  adult  animal.  Exam- 
ination of  th»'  egg,  at  various  perio«ls  of  incubation,  shows  that  it 
undergoes  changes  similar  to  those  of  respiration. 

The  ^gg,  in  the  first  place,  during  the  development  of  the  embryo, 
loses  water  by  exhalation.  This  is  not  the  result  of  simple  evapomtion, 
but  depends  upon  nutritive  changes  in  the  interior  of  tho  egg;  since  it 
does  not  take  place  to  the  same  degree  in  unimpregnated  eggs,  nor  in 
those  which  are  not  incu>)ated.  though  freely  exposed  to  the  air.  It 
is  als<)  essential  to  development ;  since  in  hatching  egg^  by  artificial 
warmth,  if  the  air  of  the  hatching  chamber  l>ecom«  charged  with  moi.st- 
arc,  80  as  to  retard  or  prevent  further  exhalation,  the  development  of 


644 


REPRODUCTION. 


the  ombryo  is  arrested.  The  loss  of  substance  during-  natural  incuba^j 
tioii,  mainly  from  the  exhalation  of  water,  has  Ijeen  found  by  BaudriniOQiJ 
and  St.  An|Lre*  to  bt*  over  15  per  cent,  of  the  entire  weight  of  the  egg,\ 

Secondly,  the  egg  abfiorbs  oxygen  and  exhale*  carbtmic  acid.     Tbej 
two  observers  above  mentioned  ascertained  that  during  eighteen  days 
incubation,  the  fowl's  egg  absorbs!  nearly  two  per  cent,  of  its  weight  of] 
oxygen,  while  the  carbonic  acid  exhalrd  from  the  sixteenth  to  the  uiu« 
teenth  day  amounts  to  nearly  ^  of  a  gramme  in  twenty-four  hours.    It 
is  also  observed  that  in  the  agg  during  incubation,  as  well  as  in  tf 
adult  animal,  more  oxygen  is  absorbed  than  is  returned  by  cxhuJatioi 
under  the  form  of  carbonic  acid. 

The  allantois,  however,  is  not  simply  an  organ  of  respiration ;  it  al« 
takes  part  in  the  alisorption  of  nutritious  matter.     As  dcvelopmei 
advances,  the  skeleton  of  the  chick,  at  first  cartilaginous,  begins 
ossify.     The  calcareous  matter  necessary  for  this  process  is  in  greal 
part  derived  from  the  shell.     The  shell  is  perceptibly  lighter  and  tovn 
fragile  toward  the  end  of  incubation  than  at  first ;  and,  at  the 
time,  the  mineral  con-stituents  of  the  embryonic  skeleton   increase 
quantity.     The  lime-salts,  requisite  for  ossification,  are  absorljed  fromJ 
the  shell  by  the  vest^els  of  the  allantois,  and  transferred  to  the  boaeA] 
of  the  chick ;  so  that,  as  the  former  beicomes  weaker,  the  latter  groi 
stronger.     The  diminution  in  density  of  the  shell  is  connected  not  onlj 
with  the  development  of  the  skeleton,  but  also  with  the  final  relea.s«  of 
tli»'  chick  from  the  eg)*.     This  deliverance  is  accomplished  mainly  hi 
the  chick's  movements,  which  become,  at  a  certain  period,  suflicicnti] 
vigorous  to  break  the  attenuated  shell.    The  first  fracture  is  f^uenJH^ 
accomplished  by  u  stroke  from  the  ettd  of  the  hill ;  and  it  i 
this  point  that  the  deposit  of  osseous  matter  is  most  abu< 
egg-shell,  therefore,  which  at  first  serves  for  the  protection  oi  Uie  « 
bryo,  afterward  furnishes  the  materials  which  arc  to  aceonipli»<h  '♦■    -"al 
dcmoHtioit,  and  thus  allow  the  escape  of  the  fully  develo|>fd  c- 

Toward  the  end  of  incubation,  the  allantois  becomes  nn"-   ,ull, 
to  the  internal  surface  of  tlie  sbell-uiriubrane.     At  last,  win n  tL»'  Liiirl 
at  its  fiill  iH-riod  of  development  leaves  the  egg,  the  allantoic  tmi 
arc  torn  off  at  the  umbilicus;   and  the  allantois  is  left  behind  a« 
eflete  organ  in  the  cavity  of  the  abandoned  shell. 

Both  the  amnion  and  thi'  allantois  are,  therefore,  formatioDH  Itching 
iiig  to  the  embryo,  and  eonj^tituting,  for  a  time,  accessory  part«  of  it 
organization.     Developed  from   the  peripheral  portions  of  the  blafit 
derm,  they  are  important  structures  during  the  middle  and  latter  |>erlodil 
of  incubation  ;  but  when  the  young  animal  has  become  sufficient ly  devel- 
oped to  carry  on  an  independent  existence,  they  are  detached  fronj 
their  connections,  and  replaced  by  other  organs  belonging  to  the  adult 
condition. 


*  E>^velopperaent  du  Foetut*.    Paris,  1850,  p.  liS. 


CHAPTER  IX, 

_MEMJinANES   OF   THK  IMPREGNATED   EGG   IN   THE 
HUMAN  SPECIES.    AMNION  AND   ClfORJUN. 

IN  man,  as  well  as  in  many  animale,  the  foetus  is  enveloped  in  two 
membranes,  an  iuuer  and  an  outt'r,  derived  resp^'Ctively  from  the 
external  and  iutfrntil  biastodermic  Invert*,  and  consequently  parts  of 
the  embryonic  organism.  While  the  ioner  of  thetje  envelopes  has  the 
Bame  characters  in  man  aa  elsewhere,  the  outer  presents  such  modifica- 
tions of  tetructure  as  to  have  received  a  dietiiict  name.  In  animals, 
therefore,  the  foetal  membranes  are  called  the  amnion  und  the  allantois; 
in  man,  they  are  known  as  the  amnion  and  the  chorion. 

Amnion. 
The  formation  of  the  amnion  in  the  human  species  takes  place  in  the 
manner  already  described  (page  f541),  namely,  by  the  growth  of  a  cir- 


Fio.  198. 


Fio.  199. 


Ui'Kjijc  Embryo  axp  its  K?«vn.orT(«.  aU^it 
Uic  end  of  th»  GLrsI  mitntfa.— 1.  I  mbllicttl 
vesicle.    2.  Amnion.    8.  Cborion. 


iif  tin*  lUinJ  niunlU  ;  «lii' 
thfi  Munion. 


r^M,,-..! 


cumvallation  or  purroundinp-  fold  of  the  external  blastodermic  layer, 
which  extends  itself  in  such  a  way  that  its  edges  meet  and  coalesce 
over  the  dorsal  region,  inclosing  the  embryo  in  a  distinct  cavity. 

At  the  time  of  its  formation,  the  amnion  closely  embraces  the  body 
of  the  embryo ;  the  oppo.^ite  surfaces  lying  nearly  in  contact,  with 
bardly  any  space  between  the  two.     This  space  afterward  enlarges  and 
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becomes  the  amaiotic  cavity,  containing  a  little  colorless,  transparent, 
serous  fluid,  the  amniotic  fluid.  But  throughout  the  earlier  periods  of 
development  the  cavity  of  the  amnion  is  small,  as  compared  with  that 
of  the  entire  egg ;  and  the  space  between  the  amnion  and  the  exter- 
nal membrane,  or  chorion  (Fig.  198),  is  occupied  by  an  amorphoas 
gelatinous  material,  in  which  the  umbilical  vesicle  and  its  stem  lie 
imbedded. 

Subsequently  the  amnion  enlarges  more  rapidly,  in  comparison  with 
the  remaining  parts  of  the  egg,  and  thus  encroaches  upon  the  layer  of 
gelatinous  material  by  which  it  is  surrounded.  At  the  same  time  the 
amniotic  fluid  increases  in  quantity  (Fig.  199)  ;  so  that  a  considerable 
space  is  left  around  the  embryo,  in  which  it  is  supported  by  the  uniform 
pressure  of  the  amniotic  fluid.  The  amnion  continues  to  enlarge  at 
this  increased  rate  until  about  the  beginning  of  the  fifth  month,  when 
it  comes  in  contact  with  the  inner  surface  of  the  chorion ;  the  inter 
vening  gelatinous  material  having  by  that  time  disappeared,  or  being 
reduced  to  a  nearly  imperceptible  layer. 

Chorion. 

The  chorion,  in  the  human  species,  is  the  external  enveloping  mem- 
brane of  the  embryo.  It  originates,  like  the  allantois  in  the  lower  ani- 
mals, by  an  outgrowth  from  the  posterior  portion  of  the  alimentary 
canal,  which,  insinuating  itself  between  the  laminae  of  the  amniotic 
folds,  spreads  over  and  around  the  amnion,  so  as  to  occupy  finally  a 
position  outside  of  it.  It  there  meets  with  the  two  thin  layers  which 
have  preceded  it,  namely,  the  outer  lamina  of  the  amniotic  fold,  and 
the  original  vitelline  membrane.  But  these  layers,  ceasing  to  grow, 
while  the  new  structures  of  the  egg  are  rapidly  enlarging,  disappear 
as  distinct  membranes,  and  are  replaced  by  the  chorion,  which  thus 
becomes  the  external  investment  of  the  egg. 

So  far,  the  development  of  the  chorion  is  similar  to  that  of  the  allan- 
tois. But  its  distinguishing  peculiarity  is  that,  while  extending  over 
and  around  the  other  parts,  it  does  not  present  the  form  of  a  sac  con- 
taining fluid,  but  that  of  a  vascular  sheet  or  membrane,  like  the  skin. 
On  this  account  it  is  called  the  chorion,,  while  in  the  lower  animals  it 
retains  the  name  of  allantois. 

Nevertheless,  at  its  commencement,  the  chorion  is,  like  the  allantois, 
a  hollow  membranous  sac,  the  cavity  of  which  is  continuous  with  that 
of  the  intestine.  But  this  cavity  extends  only  a  short  distance  outside 
the  body  of  the  embryo.  Beyond  this  point  its  walls  remain  in  contact 
with  each  other,  forming  a  single  membrane.  Inside  the  body  of  the 
embryo,  on  the  other  hand,  it  retains  the  sac-like  form ;  and  this  por- 
tion afterward  becomes  the  urinary  ))ladder.  The  rounded  cord  or 
"  urachus,"  which,  in  the  adult,  runs  from  the  superior  fundus  of  thf 
bladder  to  the  umbilicus,  is  the  vestige  of  the  obliterated  canal  of  the 
primitive  chorion. 

The  next  peculiarity  of  the  chorion  is,  that  it  becomes  shaggy.     Even 
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while  the  egg  ia  still  very  small,  and  lla^^  but  rccontly  found  its  way 
into  the  uterus,  its  exterior  is  covered  with  villi  (Fig.  198),  which 
increase  its  extent  of  surface,  and  assist  in  the  absorption  of  fluid* 
from  without.      The  villi  are  at  thiB 
time  simple  in  form,  and  homogeneous 

^in  strui.'ture. 
A  a  the  egg  increases  in  size,  the 
villi  elongate,  and  Hcponic  ramified  by 
the  repeated  budding  of  lateral  oQ- 
|faoot«.  After  this  process  has  con- 
tinued for  some  time,  the  chorion  pre- 
sents' u  uuiforuily  shaggy  appearance, 
owing  to  thf  abundant  con>pound  vil- 

Ilosities  which  cover  its  surface. 
These  villo^ities,  when  examined  by 
the  microscope,  have  an  exceedingly 
charnctcriHtic  nj)pearance.  They  orig- 
inate from  the  cliorion  by  a  .somewhat 
narrow  stem,  and  divide  into  second- 
ary and  tertiary  branches  of  varying 
■  size  and  figure;  some  tilanientoii&:, 
others  club-shape<l,  many  irre-fularly 
swollen  at  various  points.     All  termi- 

inate  ]»y  roundod  extremities,  giving 
to   the   whole   tuft   a   resemblance  to 
Borae  varieties  of  sea-weed.     The  larger  trunks  and  branches  of  the 
villosity  contain  minute  nuclei,  imlK'dtled  in  a  nearly  homogeneous,  or 
finely  granular  substratum.    The  smaller  rami- 

Ificatioui?  appear,  under  a  low  magnifying  iKiwer^ 
sintply  granular  in  texture. 
The  villi  of  the  chorion  are  different  from 
any  other  structure  in  the  body.     Whenever 
any  portion  of  a  membrane  with  vil]i>sitics  of 

Pthis  character  is  discharged  from,  ur  is  found 
in,  the  cavity  of  the  uterus,  it  is  certain  that 
pregnancy  has  existed ;  for  such  villosities  can 
only  Ixdong  to  the  chorion,  and  the  chorion 
ia  a  part  of  the  fcetus.  The  presence  of  u 
shaggy  chorion  ia  therefore  as  satisfactory 
proof  of  the  existence  of  pregnancy,  iis  if  the 
body  of  the  foetus  itself  had  been  found. 

While  the  villosities  just  described  are  in 
process  of  formation,  the  chorion  rrc<'ivcs  a 
supply  of  blood-vessels  from  the  l>ody  of  the 

embryo.  Th«'  arteries,  which  are  a  continnation  of  those  distributed 
to  the  intestine,  pass  out  along  the  canal  of  communication  to  the 
chorion  and  ramify  over  its  e^urfacv.    The  embryo  at  this  time  ha^ 


CflvromcD  ViuxwiTY  or  irtii  Hcmam 
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TOBched  snch  an  activity  of  growth  that  it  requires  to  bo  gnpplied  with 
nourishment  by  nieaus  of  vascular  abRorption,  instead  of  the  plow  pro- 
cess of  imbibition  hitherto  takiu/i  plaro  throujrh  the  villi  of  the  chorion. 
The  capillary  l)!ood-vi'ssels,  witli  which  tJa?  rhurion  is  su|>plic<l,  pem^ 
tratc  its  villoHitics,  They  *>nlor  the  base  of  each  villus,  and  following* 
the  division  of  its  compound  ramilications,  roach  the  extremities  of  it« 
terminal  offshoots.  Here  they  turn  upon  therasolves  in  loops  (Fig. 
201),  and  retrace  their  course,  to  unite  finally  with  tho  venoos  trunk/ 
of  the  chorion. 

The  villi  of  the  chorion  are,  act-ordingly,  analofrou?  in  structure  and 
function  to  those  of  tlic  intestine;  their  power  of  altsorption  corris 
sponding'  with  tho  abundance  of  their  raniifications,  and  the  extent 
of  their  vascularity. 

The  bluod-vossel!*  of  the  chorion,  furthermore,  are  derived  from  tbf 
fcetus;  and  all  substances  absorlwd  by  them  are  transported  to  the 
interior  of  the  body,  and  used  for  the  nourit^hment  of  its  tissues. 
The  chorion,  therefore,  aj<  soon  as  its  villi  and  blood-vessels  are  com- 
pletely developed,  becomes  an  essential  orgaai  for  the  nutrition  of  the 
fcetus,  and  the  only  means  by  which  new  materiol  is  introduced  firoro 
without. 

The  third  chiin^re  of  importance  in  the  chorion  is  that  after  iK'inp  at 
first  shftfj^'v  throiifrhout,  it  becomes  jmrtinUy  hald.  (Fig.  190.)  This 
change  liegins  about  the  end  of  the  second  month,  commencing  at  the 
point  farthest  from  the  insertion  of  the  foBtal  blood-vessels.  The  vil- 
losiliejiof  this  region  cease  growing;  and  while  the  entire  chorion  con- 
tinues to  enlarge,  they  fail  to  keep  pace  with  it«:  progressive  cxpauHion. 
They  accordingly  become  at  this  part  thinner  and  more  scattcrrd, 
leaving  the  surface  comparatively  bald.  This  baldness  increa.«*e3  in 
extent,  s]ireHding  over  the  adjacent  portions  of  the  chorion,  until  at 
least  two-thirds  of  its  surface  have  become  nearly  or  quit*?  cleiir  of 
villosities. 

At  the  opposite  pole  of  the  v.);^,  namely,  that  which  corresponds  with 
the  insertion  of  the  ffctal  blood-vessels,  the  villosities  of  tho  chorion. 
instead  of  becoming  atruphied,  continue  to  grow;  and  this  jiortion 
becomes  even  more  shaggy  an<l  thickh'  set  than  Itefore.  The  conse- 
quence is  that  the  chorion  afterward  presents  n  different  appearance  in 
(liiTeretit  regions.  Th<'  greater  pnrt  is  smooth;  but  n  certain  portion, 
eoristitnting  about  one-tliird  of  the  whole,  is  er»vcred  with  long,  thickly- 
set,  compound  villosities.  It  is  this  thickened  portion  which  is  con- 
cerned in  thi-  fornmtion  of  the  placenta;  while  the  remainder  continues 
to  be  knomi  under  the  name  of  the  chorion.  The  placental  portion  of 
the  chorion  becomes  distinctly  limiterl  in  outline  by  about  the  end 
of  the  third  month. 

The  vascularity  of  the  chorion  keeps  pace,  in  its  different  \mrt»,  with 
the  development  of  its  villosities.  As  the  villosities  shrivel  and  dis- 
appear over  w  part  of  its  extent,  the  blood-vessels  with  which  they 
were  supplied  diminish  in  abundjince ;  nnd  the  smooth  portion  of  the 
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chorion  finally  shows  only  a  few  stragglinij:  vessels  running  over  its 
surface,  without  any  abundant  capillary  plexus.  In  the  thickened  por- 
tion, on  the  other  hand,  the  blood-vessels  lengthen  and  ramify  to  an 
extent  corresponding  with  that  of  the  villosities  in  w^hich  they  are 
situated.  The  arteries,  coming  from  the  fcetus,  divide  into  branches 
which  penetrate  the  villi  throughout;  forming,  at  the  placental  por- 
tion of  the  chorion,  a  mass  of  tufted  and  ramified  vascular  loops,  while 
in  the  rest  of  the  membrane  the  vascular  supply  is  comparatively 
scanty. 

The  chorion,  accordingly,  is  the  external  investing  membrane  of  the 
egg,  produced  by  an  outgrowth  from  the  body  of  the  embryo ;  and 
the  placenta,  so  far  as  it  consists  of  the  foetal  membranes,  is  a  part 
of  the  chorion,  distinguished  by  the  local  development  of  its  villi  and 
blood-vessels. 


CHAPTER    X. 

DEVELOPMENT  OF  THE  DECIDUA,  AND  ATTACBMENTi 
OF  THE  FCETAL  MEMBRANES  TO   THE  UTERUS. 

IX  the  huiuaii  species,  vrherc  the  embryo  is  developed  within  th« 
uterus,  it  depends  for  its  nutrition  upon  materials  derived  froi 
the  female  parent.  The  immediate  source  of  this  supply  is  the  mucoaj 
membrane  of  the  uterus,  which  Viecomes  unusually  developed  durir 
gestation,  and,  when  thus  modified  iu  structure,  is  known  as  tbi 
decidua.  It  has  received  this  name  from  the  fact  that  it  is  throwi 
off  and  di^^charged  at  the  same  time  that  the  foetos  and  its  membranes] 
are  expelled  from  tli*?  uterus. 

The  mucous  membrane  of  the  body  of  the  uterus,  in  the  unimpr«j 
nated  condition,  presents  a  smooth  internal  surface.     There  is  no 
tinet  layer  of  connective  tissue  between  it  and  the  muscular  sabstunodj 
beneath  ;  so  that  tin*  mucous 

membrane  cannot  here,  as  in  ^^-  203. 

moat  other  org-ans,  he  read- 
ily separated  by  dissection 
from  the  subjacent  parts. 
Its  Ktructure,  however,  is 
well    marked.      It   consists, 
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throughout,  of  tubular  follicles,  arran^^d  side  by  side,  perpendicularl] 
to  its  free  surface.     Near  this  surface  they  are  nearly  straight ;  bu^ 
toward  the  deeper  part  of  the  membrane,  where  they  terminate 
blind  extremities,  they  tecome  more  or  less  wavy  or  spiral  in  theil 
course.     They  are  about  0.05  millimetre  in  diameter,  and  are  line 
with  columnar  epithelium.     They  occupy  the  entire  thickness  of 
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muoous  membrane,  their  closed  extremities  resting  on  tbe  subjacent 
muscular  tissue,  while  their  moathi<  open  into  the  cavity  of  the  uterus. 
A  few  fine  blood-vesspis  penetrate  the  mucous  membrane  from  below, 
and,  running  upward  between  the  tubules,  encircle  their  8U|>erlicial 
extremities  with  a  capillary  network.  There  is  no  connective  tissue 
in  the  uterine  mueou*?  membrane,  but  only  a  few  isolated  nuclei  and 
spindUvshapt'd  fibre-t-ells  between  the  tubules. 

Decidufi  Vera. — A?^  the  fecundated  c^^  descends  through  tb«>  Fallo- 
pian tube,  the  uterine  mucous  membrane  Uikes  on  an  increased  activity 
of  growth.  It  becomes  tumefied  and  vascular ;  and,  as  it  increases  in 
thickness,  it  projects,  in  rounded  eminences,  into  the  uterine  cavity. 
(Fig.  204.)  The  uterine  tubules  inorefl.«<e  both  in  length  and  in  width; 
and  their  open  mouths  Ix'come  perceptible  on  the  uterine  surface,  like 
minute  perforations.  According  to  Kolliker,  so  early  as  the  end  of  tbe 
first  week,  they  have  increased  to  three  or  four  times  their  origiiuil 
size,  measuring  on  the  average  0.20  nvillimetre  in  diameter.  The  blood- 
vessels of  the  mucous  membrane  alf^o  enlarge  and  communicate  freely 
with  each  other  ;  the  vascular  network  between  and  around  the  tubules 
thus  becoming  more  extensive  and  abundant.  The  internal  surface  of 
the  utoru.s  presents  a  thick,  rieh,  soft,  velvety,  and  vascular  lining,  quite 
different  from  that  found  in  tbe  uuimpregnatt-d  condition.  It  in  now 
known  as  the  dccidua ;  and,  iu  order  to  distinguish  it  from  a  similar 
growth  of  subsequent  formation,  it  has  received  the  special  name  of  the 
decidua  vera. 

The  production  of  the  decidua  is  confined  to  the  Iwdy  of  the  uterus, 
the  mucous  membrane  of  the  cervix  taking  no  |mrt  in  the  process,  but 
retaining  its  original  appearance.  The  decidual  membrane  commences 
above,  at  the  orifices  of  the  Falloplun  luln's,  and  ceases  lielow,  at  the 
OS  internum.  The  cavity  of  the  cervix,  ineanwhile,  i.-^  filled  with  an 
abundant  secretion  of  vii^cid  mucus,  which  blocks  up  Its  pa«>iagr,  and 
protects  the  internal  «mvity.  If  the  aterua  be  opened  in  this  condition, 
it«  body  will  be  .•^een  lined  with  the  dtridua  vera,  which  is  continuous, 
at  the  OS  internum,  with  the  unalti-red  luucoijs  tnenibrnriL'  of  tin-  i-crvix. 

Decidua  Rtjlexa. — A.s  the  fecundated  egg  passes  the  lower  orJfiei*  of 
the  Fallopian  tub<\  it  insinuatics  it-^elf  >»etween  the  opjKisit<?  surfaces  of 
the  uterine  mucous  n)embrane,  and  becomes  Imiged  in  oju-  of  the  depri's- 
Bions  IwtMcen  the  folds  of  the  decidua.  (Fig.  204.)  At  thit<  situation 
an  adhesion  subse(iuently  takes  place  between  the  external  mmibrano 
of  the  egg  and  the  uterine  decidua.  At  the  point  where  the  egg  thus 
becomes  fixed,  there  is  a  still  more  rapid  development  of  the  uterine 
mucous  membrane.  Its  projecting  folds  grow  up  around  the  t'^)i  in 
Bueh  a  manner  a.^  to  partially  enclose  it  iu  a  kin<l  of  circumvallation, 
and  shut  it  off,  in  great  measure,  from  tbe  surrounding  parts,  (Fig.  205.) 
The  Bg^  thus  comes  to  \\e  contained  in  a  cavity  of  its  own,  which  still 
communicates  for  a  time  with  the  general  cavity  of  the  uterus,  by  an 
opening  over  Its  most  prominent  part.  As  the  prowess  goes  on,  this 
opening  becomes  narrower,  while  the  decidua)  folds  approach  each  other 
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over  the  surface  of  the  egg.  At  last  they  come  in  contact  and  unite 
with  each  other,  formiag  a  kind  of  cicatrix,  which  remains  for  a  tinuE. 
to  mark  the  situation  of  the  original  opening. 

Whon  the  development  of  the  uterus  has  reached  this  point  (Pif. 


Fio.  204. 


Fig.  205. 
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20<*0,  the  egg  is  completely  enclosed ;  being  covered  with  a  decidual 
layer  of  new  formation,  by  which  it  is  concealed  from  view  when  the 
uteriuc  cavity  is  laid  open.  This  uc-wly-fornied 
layer,  enveloping  the  projecting  portion  of  tbif 
egg,  is  called  the  iJecidua  reflexa ;  becauw 
it  i-s  reflected  over  the  egg  from  the  general 
surfaci'  of  the  uterine  mucous  membrane.  The 
orifiws  of  the  uterine  tubules,  in  cou&t^quence 
of  the  manner  in  which  the  decidua  rellexa 
is  formed,  are  seen  not  only  on  its  external 
surl'ace,  or  that  which  looks  toward  thu  cavity 
of  the  uterus,  but  also  on  its  internal  surface, 
or  that  which  looks  toward  the  egg. 

Thf  (Ifridua  vera,  therefore,  is  the  original 
mucous  int*mbrane  of  the  uterus.  The  decidua 
reflexa  is  a  new  formation,  which  grows  up 
around  the  egg,  to  enclose  it  in  a  distinct 
cavity. 
If  abortion  occur  at  this  time,  the  mucous  membrane  of  the  uterus, 
that  is,  the  doeidnii  vi^ra,  is  thrown  off,  and  brings  with  it  the  egg  and 
th».'  deeidua  reflexa.  On  i  xnniiiiing  the  nia.ss  so  discharged,  the  egi? 
will  be  found  iml}edd<Hi  in  Ibr  decidual  membrane.  One  side  of  the 
mt'mhrBne,  where  it  has  Im'vu  torn  away  from  the  uterus,  id  ragged; 
tho  other  side,  cnrresponding  to  the  uterine  cavity,  is  smooth  or  gtmtly 
convoluted,  and  exhibits  distinctly  the  orifices  of  the  uterine  tubules; 
while  the  egg  itself  can  only  be  extracted  by  cutting  through  the  docid- 
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i!  membrane,  either  from  one  side  or  the  other,  and  opening  in  thifi 
way  the  special  cavity  in  which  it  is  enclosed. 

Duriu^f  the  formation  of  the  deciduu  reflexii,  the  cutir»'  o^jr,  as*  well 

as  the  body  of  the  uterus,  has  con.siderably  enlarffed.     That  portion  of 

the  uterine  mucous  membrane  situated  immediately  beneath  the  egjar, 

and  to  which  it  first  became  attached,  has  also  become  thicker  and  more 

vascuhir.    The  remainder  of  the  decidiia  vera,  however,  no  longer  keej)* 

pace  with  the  inereaning  ^ize  of  the  egg  and  of  the  uterus.     It  is  still 

^     thick  and  vascular  at  the  end  of  the  third  month;  but  after  that  period 

B    it  I)ecomes  thinner  and  lo»s  consistent,  while  the  principal  activity  of 

H    growth  is  concentrated  in  that  portion  of  the  uterine  mucous  membrane 

H    which  is  in  inmiediate  contact  witli  the  egg. 

H         Attaekmenl  of  the  Faial  Membranes!  to  the  Uterus. — While  the  above 
H    changes  are  taking  place  in  the  uterus,  the  formation  of  the  embryo, 
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and  the  development  of  its  membranes  have  Ijeen  going  on  HJmultane- 
ously;  and  soon  after  the  entrance  of  the  egg  into  tlte  uterine  cavity, 
the  chorion  is  covered  with  villosities  which  insinuate  themselves  into 
the  uterine  tubules,  or  between  the  folds  of  the  decidiia.  When  the 
fornialion  of  the  decidua  reflexa  ia  coinplot«,  tho  chorion  lias  become 
uniforndy  .«haggy ;  and  its  villosittes  penetrate  both  into  the  decidua 
vera  beneath  it  and  into  the  decidua  reflexa  with  which  it  is  covered. 
In  this  way  it  becomes  everywhere  entangled  with  the  decidua,  and 
cannot  be  readily  separated  without  rupturing  some  uf  the  filaments 
which  hove  grown  from  its  surface  into  the  substance  of  th**  decidua. 
The  nutritious  fluids,  exuded  from  the  decidua,  are  now  imbilx-d  by  the 
villosities  of  the  chorion;  and  a  more  rapid  supply  of  nourishment  ia 
thus  provided,  corresponding  with  the  greater  size  of  the  agg. 

Very  soon  the  activity  of  absorption  is  still  further  increased.  The 
chorion  becomes  vascular,  by  the  formation  of  blood-vessels  emerging 
from  the  embryo  and  {lenetrating  the  villosities  with  which  it  is  covered. 
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Each  villosity  then  contains  a  vascular  loop,  imbedded  in  its  substance, 
and  serving  to  absorb  from  the  decidua  the  materials  for  the  growth  of 
the  embryo. 

Subsequently,  the  vascular  tufts  of  the  chorion,  at  first  uniformly 
distributed  over  its  surface,  disappear  from  the  greater  part  of  its 
extent,  becoming  more  highly  developed  at  a  particular  point,  the 
situation  of  the  future  placenta.  This  is  the  spot  at  which  the  egg  ia 
in  contact  with  the  decidua  vera.  Here,  both  the  decidual  membrane 
and  the  tufts  of  the  chorion  continue  to  increase  in  thickness  and  vas- 
cularity while  elsewhere,  over  the  prominent  portion  of  the  egg,  the 
chorion  not  only  l)ecomes  bare  of  villosities  and  comparatively  destitute 
of  blood-vessels,  but  the  decidua  reflexa,  in  contact  with  it,  also  loses 
its  activity  of  growth  and  becomes  expanded  into  a  thin  layer,  with- 
out any  remaining  trace  of  glandular  follicles. 

The  uterine  mucous  membrane  is  therefore  developed,  during  gesta- 
tion, in  such  a  way  as  to  provide  for  the  nourishment  of  the  embryo 
in  the  different  stages  of  its  grow^th.  At  first,  the  whole  of  it  is  uni- 
formly increased  in  thickness  (decidua  vera).  Next,  a  portion  of  it 
grows  upward  around  the  egg,  and  covers  its  projecting  surface  (decidua 
reflexa).  Afterward,  both  the  decidua  reflexa  and  the  greater  part  of 
the  decidua  vera  diminish  in  the  activity  of  their  growth,  and  lose 
their  importance  as  a  means  of  nourishment  for  the  embryo;  while 
that  part  which  is  in  contact  with  the  vascular  tufts  of  the  chorion 
continues  to  grow,  becoming  excessively  developed,  and  taking  part  in 
the  formation  of  the  placenta. 


CHAPTER  XI, 
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IX  man  and  mammaliana  the  embryo,  iurinp  intra-utcrine  life,  is 
depeudeut  u[»uii  i\w  uteruis  for  the  materiaLs  of  its  growth  ;  and  this 
supply  of  uourishiuent  is  provided  by  means  of  two  vascular  mem- 
branes. One  of  these  mcmbruncs,  the  chorion  or  allautoig,  is  an  out^ 
growth  from  the  embryo ;  the  other  is  the  mncous  membrane  of  the 
uterus.  By  their  more  or  les.s  intimate  juxtapositiaii,  the  fluid.><  tran- 
suded from  the  blood-vessels  of  the  mother  are  absorljt^d  by  thot<e  of  the 
embryo,  and  a  transfer  of  nutriment  thus  takes  place  from  the  maternal 
to  the  fcBtal  organism. 

In  some  animals,  the  connection  between  the  maternal  and  fcetal 
membranes  is  a  sinipli-  one.  In  the  pig,  the  uterine  mucous  membrane 
is  everywhere  uniformly  vasculur;  it.-  only  peculiarity  consisting  in 
the  presence  of  transverse  folds,  projecting  fifom  its  surface,  like  the 
valvulse  conniventes  of  the  small  intestine.  The  surface  of  the  allan- 
tois  is  also  smooth  and  uniformly  vu.«^cular.  No  special  development 
occurs  at  any  part  of  these  membraneSj  and  no  adhesion  takes  place 
between  them.  The  vascular  allantois  of  the  foitus  lies  in  simple  appo- 
sition with  the  vascidar  mucous  membrane  of  the  uterus,  each  of  the 
contiguous  surfaces  following  the  undulations  of  the  other;  and  the 
transudation  and  absorption  between  the  two  sets  of  blood-vessels  pro- 
vide for  the  nutrition  of  the  foetus.  When  parturition  lakes  place,  a 
moderatt' contraction  of  the  uterus  i.^  sufficient  to  expel  its  contents; 
the  egg  l)eing  displaced  from  its  position  and  discharged  from  the  uterus 
without  hemorrhage  or  laceration  of  the  parts. 

In  other  instances,  there  is  a  moro  intimate  connection,  at  certain 
points,  between  the  foetal  and  maternal  structures.  In  the  cow,  sheep, 
and  ruminating  animals  generally,  the  external  membrane  of  the  cfsyr^ 
beside  being  everywhere  supplied  with  blood-ves.«els,  presents,  scattered 
over  it»  surface,  numerous  rounded  or  oval  g])otB,  covered  with  thickly 
set,  tufted,  vascular  prominences.  These  spots  are  called  cotyledons, 
or  caps,  because  each  one  is  surrounded  by  a  rim  or  fold,  whirh  cmbraees 
a  corresponding  mass  projecting  from  the  inner  surface  of  the  uteru.*i. 
This  portion  of  the  uterine  mucous  membrane  is  alf<o  abundantly  gup- 
plied  with  blood-vessels;  an<i  the  vascular  tufts  of  the  fu!tal  membmne 
are  entanifled  with  thos^e  belonging  to  the  uterus.  There  is  no  absolute 
adhesion  l>etween  the  two  sets  of  vessels,  but  only  an  interlacement  i>f 
their  ramified  extremities ;  and  by  careful  manipulation  the  foetal  por- 
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tion,  with  its  villosities,  may  be  extricated  from  the  maternal  portion 
without  the  laceration  of  either. 

In  the  carnivorous  animals,  a  similar  highly  developed,  vascular  por- 
tion of  the  allantois  runs,  in  the  form  of  a  broad  belt,  round  its  middle; 
corresponding  in  situation  with  an  equally  developed  zone  of  the  uterine 
mucous  membrane.  Here  the  foetal  and  maternal  structures  arc  mutu- 
ally adherent ;  while,  elsewhere,  over  both  extremities  of  the  egg,  they 
lie  simply  in  contact  with  each  other.  When  gestation  comes  to  an  end, 
and  the  foetus,  with  its  membranes,  is  expelled,  the  thickened  zone  of 
uterine  mucous  membrane  is  detached  at  the  same  time,  its  place  being 
afterward  made  good  by  a  new  growth. 

In  man,  as  shown  in  the  preceding  chapter,  the  permanently  thick- 
ened portions  of  the  chorion  and  decidua  are  united  with  each  other, 
by  mutual  interpenctration,  in  a  flattened,  cake-like  mass  of  rounded 
form,  occupying  rather  less  than  one-third  of  the  surface  of  the  chorion, 
and  corresponding  to  a  similar  extent  of  the  inner  surface  of  the  uterus. 
This  mass,  consisting  of  the  foetal  and  maternal  elements  combined,  is 
the  placenta. 

The  development  of  the  placenta  takes  place  in  the  following  manner: 

The  villi  of  the  chorion,  when  first  formed,  penetrate  the  follicles  of 
the  uterine  mucous  membrane ;  and  are  afterward  developed  into  tufted 
vascular  ramifications,  each  of  which  turns  upon  itself  in  a  loop  at  the 
farther  extremity  of  the  villus.  At  the  same  time  the  uterine  follicle, 
into  which  the  villus  has  penetrated,  enlarges  to  a  similar  extent ;  send- 
ing out  branching  diverticula,  corresponding  with  the  ramifications  of 
the  villus.  The  growth  of  the  follicle  and  that  of  the  villus  thus  go  on 
simultaneously  and  keep  pace  with  each  other ;  the  latter  constantly 
advancing  as  the  former  enlarges. 

But  it  is  not  only  the  uterine  follicles  which  increase  in  size  and  in 
complication  of  structure.  The  capillary  blood-vessels  between  them 
also  liecome  unusually  developed  l)y  enlargement  of  their  inoscula- 
tions ;  so  that  every  follicle  is  covered  with  a  network  of  dilated  capil- 
laries, derived  from  the  blood-vessels  of  the  original  decidua. 

As  the  formation  of  the  placenta  goes  on,  the  arrangement  of  the 
foetal  blood-vessels  remains  the  same.  They  continue  to  form  vascular 
loops,  penetrating  deeply  into  the  decidual  membrane ;  only  they 
become!  more  elongated,  and  their  ramifications  more  abundant  and 
tortuous.  The  maternal  capillaries,  however,  on  the  outside  of  the 
uterine  follicles,  are  considerably  altered  in  their  anatomical  relations. 
They  enlarge  in  all  directions,  and,  encroaching  upon  the  spaces  between 
them,  fuse  successively  with  each  other;  losing  in  this  way  the  form 
of  a  capillary  network,  and  becoming  dilated  into  sinuses,  which  com- 
municate freely  with  those  in  the  walls  of  the  uterus.  As  the  original 
capillary  plexus  occupied  the  entire  thickness  of  the  hypertrophied 
decidua,  the  vascular  sinuses,  into  which  it  is  thus  converted,  are 
equally  extensive.  They  commence  at  the  uterine  surface  of  the 
placenta,  where  it  is  in  contact  with  the  muscular  walls  of  the  organ, 
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and  extend  through  its  whole  tbiekncHs,  to  the  outer  surface  of  the 
foetal  chorioti. 

As  the  maternal  sinuaea  grow  inward,  the  vat^cular  tufts  of  the 
chorion    grow    outward,   through 

all  parts  of  the  placejita.     In  the  Fio- 209. 

latter  periods  of  pregnancy,  the  de- 
velopment of  blood-vessels?,  both 
foetal  and  maternal,  in  the  [>]fteenta, 
is  8o  excessive  that  all  the  other 
tissues,  which  originally  coexisted 
with    them,    have    nearly    dinap- 
peared.     If  a  villus  from  the  fa'tal 
portion  of  the  placenta  be  exam- 
ined at  this  time  in  the  fresh  con- 
dition (Fig.  2t)9),  it  will  Ik;  seen 
that  its  blood-vessels  are  covered 
only  with  a  homogeneous  or  finely 
(rranular  layor,  about  1  mmm.  in 
thickness,  in  which  are  imljcdded 
small  oval  nuclei,  similar  to  those 
at  an  earlier  period  in  the  villosi- 
tien  of  the  chnricin.      The  placental  villus  is  now  hardly  anything 
more  than  a  congeries  uC  tortuous  vascular  loops ;  its  remaining  sub- 
gtanCL'  having  been  ab^iorbed  in  the  excessive 
growth  of  the  blood-vessels,  the  abundance  and 
development  of  which  can  be  shown  by  injec- 
tion from  the  umbilical  arteries.     (Fig.  210.) 
The  uterine  follicles  have  lost  their  original 
structure,  and  have  become  vascular  sinuses, 
surrounding  the  tufts  of  foetal  blood-vessels. 

Filially,  the  walls  of  the  fcctal  blood-vessels 
having  come  into  close  apposition  with  those 
of  the  maternal  sinuses,  the  two  become  ad- 
herent and  fuse  together ;  so  that  at  last  the 
foetal  vessels  in  th^-  plac^enta  can  no  longer  be 
separated  from  the  maternal  sinuses,  without 
lacerating  either  the  one  or  the  other. 

The  placenta,  therefore,  when  perfectly 
formed,  has  the  structure  shown  in  the  accom- 
panying dittgraiii  (Fig.  211 ).  which  represents 

a  vertical  section  through  its  entire  thickness.  At  a,  a  is  the  chorion, 
receiving  the  urall>ilical  vessels  from  the  foetus  through  the  umbilical 
cord,  and  sending  out  its  ramified  vascular  tufts  into  the  placenta.  At 
b,  b  is  the  attached  surface  of  the  decidua;  and  at  c,  c,  c,  c  are  the 
orifices  of  uterine  vessels  which  penetrate  it  from  below.  These  vessels 
enter  the  placenta  in  an  extremely  oblique  direction,  though  they  are 
represented  in  the  diagram,  for  the  sake  of  distinctness,  as  nearly  per- 
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pendtcular.    Immediat^'ly  after  penetrating  the  decidua,  they  dilate  intfl 
the  placental  einuses  (represouted  in  the  diagram  in  black),  which  ei 
tend  through  the  whole  thickness  of  the  organ,  embracing  the  ramifies-] 
tious  of  the  foetal  tufts.     At  this  stage  of  completion  the  placenta 
essentially  a  vascular  tissue.    The  other  structures  which  orijrinallj 
entered  into  its  composition  have  disappeared,  leaving  only  the  hlood.' 
vessels  of  the  foetus  eutau^lcd  with  and  adherent  to  the  blood-vcfesela 
of  the  mother. 

There  is,  however,  no  direct  communication  between  the  foetal  andi 
maternal  vessels.     The  blood  of  the  fostus  is  everywhere  scparatr 
from  the  blood  of  the  mother  by  a  thin  partition,  resultLog  from  tiie 

Fio.  211. 
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l-fiision  of  four  different  membranes,  namely,  first,  the  membrane  of  the 
ifcetal  villus;  secondly,  that  of  the  uterine  follicle;  thirdly,  the  wall  of  j 
the  f<r'ta]  blood-vessel ;  and  fourthly,  the  wall  of  the  uterine  sinus.    Bat 
'this  partition  is  of  KToat  extent,  owing  to  the  abundant  ramificatiuo 
of  the  fcetal  vessels.    The  vascular  tufts,  in  which  the  blood  of  the  fcDtiWi 
circulates,  are  everywhere  liathed,  in  the  placental  sinuses,  with  thsj 
blood  of  the  mother;  and  the  interchange  of  material  bt'tweeu  the  twoj 
by  absorption  and  (*xhnhition,  goes  on  with  corresponding  activity. 

It  is  ea^y  to  demonstrate  the  arrangcmf-nt  of  the  fecial  tufts  in  thtj 
placenta.  They  can  be  seen  by  the  naked  eye,  and  may  be  readily 
traced  from  their  attachment  at  the  chorion  to  their  termination  ne»T 
the  uterine  surface  of  the  placenta.  The  anatomical  disposition  of  the 
placental  sinuses  is  more  difficult  of  esaiuinatiou.  During  life,  while 
the  placenta  is  attached  to  the  uterus,  they  are  filled  with  the  bU>odofj 
the  mother,  occupying  nearly  or  quite  one-half  the  mass  of  the  plaoeDtahJ 
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But  when  the  placenta  is  detached,  and  its  maternal  vessels  torn  o(T  at 
their  necks  (Fig".  211,  c,  c,  r,  c),  the  sinunes,  emptied  of  l)lood  hv  the 
compression  to  which  they  are  subject«?d,  are  apparently  obliterated ; 
ftud  the  fretal  tnft^,  lying  in  contact  M'ith  each  other,  appear  to  con- 
stitute the  whole  of  the  placental  ma-^vM.  The  existence  of  the  sinuses, 
however,  and  their  extent,  may  be  demonstrated  in  the  following 
manner : 

If  the  uterus  of  a  woman  who  has  died  undelivered  at  the  full  term 
or  thereabout,  be  opened  without  wounding^  the  placenta,  this  organ 
will  be  seen  attached  to  the  uterine  surface,  with  its  vascular  con- 
nections complete.  Let  the  foetu.s  be  removed  by  dividing  the  umbili- 
cal cord,  and  the  uterus,  with  tlie  placenta  attached,  placed  under  water, 
with  its  internal  surface  uppermost.  If  a  blowpipe  l»e  now  inserted  into 
one  of  the  divided  vess^els  of  the  uterine  wally,  and  air  forced  through 
it  under  gentle  and  stead)^  pressure,  it  will  inflate,  first,  the  vascular 
sinuses  of  the  uterus ;  next,  the  deeper  portions  of  the  placenta ;  and 
lastly,  the  air-bubbles  insinuate  thcmfielves  everywhere  between  the 
foBtal  tufts,  and  appeHr  in  the  most  superficial  portions  of  the  placenta, 
immediately  beneath  the  chorion  la,  a,  Fig.  211).  This  shows  that  the 
placental  sinuses,  which  communicate  with  the  uterine  vessels,  occupy 
the  entire  thickness  of  the  placenta,  and  are  equally  extensive  with  the 
tufts  of  the  chorion. 

If  the  plaitentu  be  detached  and  separately  examined,  it  will  be  found 
to  present  on  its  uterine  surface  a  number  of  openings,  extremely 
obliqu<'  in  position,  and  bounded  on  one  side  by  a  thin  crescentic  edge. 
These  art;  the  orifices  of  the  uterine  blood-vessels,  passing  into  the  pla- 
centa and  torn  off  at  their  nocks,  as  above  described ;  and,  by  careful 
dissection,  they  are  found  to  lead  into  extensive  collapsed  cavities  (the 
placental  sinuses),  between  the  fnctal  tufts.  These  cavities  are  filled 
during  life  with  the  maternal  blood ;  and  there  is  every  reason  to 
Ijclieve  that  before  delivery,  while  the  circulation  is  going  on,  the 
placenta  is  at  least  twice  as  large  as  after  it  has  been  expelled  firom 
the  uterus. 

The  part  taken  by  the  placenta  in  the  development  of  the  fcetus  Is 
of  primary  importance.  From  the  date  of  its  formation,  about  the 
beginning  of  the  fourth  month,  it  is  the  only  channel  for  the  convey- 
ftnce  of  nourishment  from  the  mother  to  the  foetus.  The  nutritious 
materials,  circulating  in  the  maternal  sinu.ses,  pass  through  the  inter- 
venmg  membrane,  and  enter  the  blood  uf  the  ftetus.  The  healthy  or 
injurious  regimen  to  which  the  mother  is  subjected  will,  accordingly, 
exert  an  influence  upon  the  child.  Even  medicinal  substances  taken 
by  the  mother,  and  absorbed  into  her  circulation,  may  transude  through 
the  j>lacontal  vessels,  and  thus  produce  their  specific  effect  on  the  foetal 
organization. 

The  placenta  is  an  organ  of  exhalation  as  well  as  of  absorption.  The 
excreraentitious  matters  in  the  blood  of  the  foetus  are  undoubtedly  dis- 
posed of  in  gre^t  measure  by  transudation  through  the  placental  ve&- 
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sels,  to  be  afterward  discharged  by  the  excretory  organs  of  the  mother. 
The  mother  may  therefore  be  affected  by  influences  derived  from  the 
foetus.  It  has  been  observed  in  animals,  that  when  the  female  has  two 
successive  litters  of  young  by  different  males,  the  young  of  the  second 
litter  will  sometimes  bear  marks  resembling  those  of  the  first  male.  In 
these  instances,  the  influence  which  produces  the  mark  is  transmitted 
by  the  first  male  to  the  foetus,  from  the  foetus  to  the  mother,  and  from 
the  mother  to  the  foetus  of  the  second  litter. 

It  is  probably  through  the  placental  circulation  that  shocks  or  injuries 
inflicted  on  the  mother  produce  disturbances  in  the  nutrition  of  the  foetus. 
There  is  little  room  for  doubt  that  various  deformities  and  deficiencies 
of  the  foetus,  conformably  to  the  popular  belief,  may  originate  from  ner- 
vous impressions  experienced  by  the  mother.  The  mode  in  which  these 
influences  are  conveyed  is  not  always  easy  of  explanation.  But  it  is 
well  known  that  nervous  impressions  in  the  adult  will  often  cause  local 
derangement  of  the  circulation,  through  the  vasomotor  system,  in  the 
brain,  the  lungs,  or  the  skin.  The  uterine  circulation  is  peculiarly  sus- 
ceptible to  similar  influences,  as  shown  in  cases  of  amcnorrhoea  and 
monorrhagia.  If  a  nervous  shock  to  the  mother  may  excite  premature 
contraction  in  a  pregnant  uterus  and  consequent  abortion,  it  is  un- 
doubtedly capable  of  causing  partial  or  temporary  disturbances  of  itj< 
vascularity.  But  the  foetal  circulation  is  dependent,  in  great  measorr. 
on  the  maternal ;  and,  as  the  nutrition  of  the  foetus  is  provided  for  bv 
the  placenta,  it  will  suffer  from  derangement  of  the  placental  circula- 
tion. These  effects  may  be  manifested  either  in  the  general  atrophy 
and  death  of  the  foetus,  or  in  the  imperfect  development  of  particular 
parts ;  as  in  the  adult  a  morbid  action  may  either  operate  on  the  entire 
system,  or  be  limited  to  some  organ  especially  sensitive  to  its  influence. 
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DURING  the  growth  of  the  embryo,  and  the  development  of  tho 
jtlacenta,  the  muscular  tissue  of  the  uttTus  increases  in  thickness, 
while  the  whole  organ  eularpt^s,  to  at'conimodate  the  greater  volume 
of  its  contents.  This  unusual  prowth  of  the  muscular  tissue  gives  it 
an  increased  contractile  power  suflSciont  for  the  expulsion  of  the  foetus 
at  the  time  of  delivery. 

The  enlarg-ement  of  tiie  amniotic  cavity,  and  the  greater  abundance 
of  the  amniotic  fluid,  provide  space  for  the  intra-ulerine  movements 
of  tho  foetus,  Thew  movements  begin  to  be  perceptible  about  the  fifth 
month,  at  whifh  time  the  muscular  system  is  sufficiently  developed  to 
.'<how  a  certain  amount  of  activity.  During  the  latter  months  of  pregp- 
naucy  they  becttme  more  frecpient  and  vigorous,  and  may  often  be  felt 
by  the  hand  of  1  he  observer  applied  over  the  region  of  the  uterus. 

The  attachment  of  the  embryo  to  the  investing  membrane  of  the 
^gg  is  at  first  by  a  short  and  wide  funnel-shaped  connection,  coofiisting 
of    tho    commenceniertt    of    the 

chorion,  a  part  of  tho  amnion,  '  ' 

and  a  deposit  of  gelatinous  ma- 
terial between  the  two,  contain- 
ing the  stem  of  th(^  umhilieal 
vesicle.  Subsequently,  as  the 
amniotic  cavity  enlarges,  the 
body  of  the  embryo  reoedoB  from 
the  inner  surface  of  the  chorion, 
by  the  elongation  of  its  connect- 
ing part;  and  this,  part  conse- 
qncntly  begins  to  present  the 
appearance  of  a  cord  (Fig.  212), 
It  is  still  surrounded  with  a  thick 
layer  of  gelatinous  matter,  by 
which  it  is  separated  from  its 
amniotic  investment.  As  it 
emerges  from  the  embryo,  at  n  point  where  the  abdominal  walls  will 
afterward  close  round  it,  to  form  the  umbilicus,  it  is  known  by  the 
name  of  the  umbilical  cord.  It  contains  the  blood-veasela  passing  out 
to  the  chorion  and  placenta. 

After  the  third  monlh  the  umbilical  cord  and  its  blood-vessels  elon- 
gate more  rapidly  than  is  required  by  the  increased  size  of  the  amniotic 
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cavity.     They  consequently  become  twisted,  the  two  iimbilic&l 
winding  round  the  vein  in  a  spiral  direction. 

The  direction  of  the  .spiral  is  not  always  the  same.  Prof.  McLqdc 
has  recorded  observations  in  regard  to  this  point  upon  260  umbilicsl 
cords  at  term,  partly  in  private  practice  and  partly  at  the  Nursery] 
and  Child's  Hospital,  New  York.  Of  tbi."?  number,  in  138  cases  ilia 
direction  of  the  spiral  was  from  left  to  rifcht;  in  112  cases,  from  ri^bt 
to  left;  and  Ju  the  10  remaininfr  instances  it  was  doubtful,  the  Iwiatj 
being  too  imperfectly  marked  for  decision.  This  gives  nearly  the  foUj 
lowing  percentage  as  the  rei^ult  of  all  the  observations: 

DlRKOTION   07  THK  TwiST   OF  THK   IlrMAW  UmBIUOAI.  CoSO. 

From  left,  to  right 58  per  cent. 

From  right  to  left    ...        .  .     43       " 

Indeterminate ....  .      4       " 

100 


There  is,  accordingly,  no  great  preponderance  in  frequency  of  thfl 
twist  in  either  direction.     Two  cases  of  twins  are   included   in  the 

above   li.st;    in    the   first  of 
F^o-  213.  which    both    umbilical   cor 

turned  from  right  to  left;  uA 
the  second,  one  of  them) 
turned  from  right  to  left,  t\ 
other  from  left  to  right,  li 
two  instances,  the  cord  pr 
sented  turns  in  opposite  di«| 
rections  in  different  parts  of  j 
Its  length. 

The  gelatinous  matter 
posited  l>etween  the  amnion 
and  chorion  gradually  disap> 
pears  over  the  greater  part 
of  these  membranes,  but 
cumulates  In  the  ombilk 
cord  in  considerable  qanotityJ 
surrounding  the  vessels  wit 

PBXOiTAirT  Hpman  Uteris  asd  its  Cohtkhtr,  a»»ut  ^°     elastic     envelope,    whici 

Umemi  of  lh(f  Acvenlh  ninntli ;  showiiiK  thf!  nslations  protCCts     tbeUl      fimfTI     iniorri 

of  the  curd,   jtliu'eata,   and   mpuihnuit<». — 1,  Decldtut  t*   •  -i  u  ^^         •' 

Trra.    2.  ItelduB.  ruBexa.    a.  ChcrrioD.    4.  Amnion.  ^^  ^^  COVCrcd  by  an  eXten.«>0 

of  the  amnion,  which  is  coi 
tinuous  with  the  integument  of  the  abdomen,  and  investe  the  cord] 
with  an  uninterrupted  sheath  throughout  its  length. 

The  cord  also  conUins  the  stem  of  the  umbilical  vesicle.  The  situa- 
tion of  this  ve.>^ifle  is  always  between  the  chorion  and  the  amniotvi 
Its  pedicle  gradually  I'longatos  with  the  growth  of  the  umbilical  cordy 
and  the  vesicle,  which  generally  disappears  soon  after  the  third  mont 
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sometimes  remains  as  late  as  the  fifth,  sixth,  or  seventh.  According 
to  Mayer,  it  may  even  be  found,  by  careful  search,  at  the  termination 
of  pregnancy.  When  present  in  the  middle  and  latter  periods  of  ges- 
tation, it  is  a  small,  flattened  sac,  situated  beneath  the  amnion,  on  the 
free  surface  of  the  placenta,  at  a  variable  distance  from  the  insertion 
of  the  umbilical  cord.  A  minute  blood-vessel  is  often  seen  running  to 
it  from  the  cord,  and  ramifying  upon  its  surface. 

The  decidua  reflexa,  during  the  latter  months  of  pregnancy,  is  dis- 
tended by  the  increasing  size  of  the  egg,  and  pressed  against  the 
opposite  surface  of  the  decidua  vera.  By  the  end  of  the  seventh 
month,  the  decidua  vera  and  decidua  reflexa  are  in  contact,  though 
still  distinct  and  capable  of  being  easily  separated.  After  that  time, 
they  become  confounded  with  each  other,  forming  at  last  fl  thin,  friabh', 
semi-opaque  layer,  in  which  no  glandular  structure  is  perceptible. 

This  is  the  condition  of  things  at  the  termination  of  pregnancy. 
Then,  the  time  for  parturition  having  arrived,  the  hypertrophied  mus- 
cular walls  of  the  uterus  contract  upon  its  contents,  expelling  the  foetus, 
together  with  its  membranes  and  the  decidua. 

In  the  human  species,  as  well  as  in  most  quadrupeds,  the  meuiliranes 
are  usually  ruptured  during  parturition;  and  the  fcetus  escapes  first,  the 
placenta  and  appendages  following  a  few  moments  afterward.  Occa- 
sionally the  egg  is  discharged  entire,  the  foetus  being  afterword  liberated 
by  the  laceration  of  the  membranes.  In  each  case  the  mode  of  expulsion 
is  esBentially  the  same. 

The  process  of  parturition  consists  in  a  separation  of  the  decidual 
membrane,  which,  on  being  discharged,  brings  away  the  ovum  with  it. 
The  greater  part  of  the  decidua  vera,  having  fallen  into  a  state  of 
atrophy  during  the  latter  months  of  pregnancy,  is  by  thi.'^  time  nearly 
destitute  of  blood-vessels,  and  separates  without  ji^rceptible  hemor- 
rhage. The  portion  forming  the  placenta  is,  un  the  contrary,  exces- 
sively vascular;  and  when  this  organ  Is  separated,  and  its  maternal 
vessels  torn  off  at  their  insertion,  a  gush  of  blood  takes  place,  accom- 
panying or  immediately  following  the  birth  of  the  foetus.  This  normal 
hemorrhage,  at  the  time  of  parturition,  does  not  come  directly  from 
the  uterine  vessels.  It  consists  of  the  blood  contained  in  the  placental 
sinuses,  and  exiielled  from  the  placenta  under  the  pressure  of  the 
uterus.  Since  the  blood  thus  lost  was  previously  tmiphjyed  in  the 
placental  circulation,  and  since  the  placenta  is  itself  thrown  off  at  the 
same  time,  no  unpleasant  effect  is  produced  by  such  a  hemorrhage, 
because  the  quantity  of  blood  in  the  rest  of  the  vascular  system  re- 
mains the  .same.  In  normal  parturition  the  lacerated  uterine  blood- 
vessels are  immediately  closed,  after  separation  of  the  placenta,  by  the 
contraction  uf  the  muscular  fibres  through  which  they  pass  in  an 
oblique  direction.  Hemorrhage  in  delivery  becomes  injurious  only 
when  it  goes  on  after  separation  of  the  placenta ;  in  which  case  it  is 
supplied  by  the  mouths  of  the  uterine  blood-vessels,  left  open  by 
failure  of  the  uterine  contractions.     So  long  as  the  uterus  remains 


664 


REPRODUCTION, 


Fio.  214. 


relaxed,  the  hemorrhag'e  necesaarily  continues;  bnt  it  is  at  once  nrrpstod 
by  contraction  of  the  uterine  walls. 

Regeneration  of  the  Uterus  after  Delivery. — Both  the  macous  niPin- 
brane  and  the  muscular  fibres  of  the  uterus  are  replaced  after  delii'erv 
by  tissucH  of  new  formation.  The  deeidua  is  discharged  at  parturitioo ; 
and  the  hypertrophied  muscular  tissue,  after  serving  for  the  e-xpul?ion 
of  the  fcetuB,  undergoes  a  process  of  retrogression  and  atrophy 

A  remarkable  phenomenon  connected  with  the  renovation  ot  ui* 
uterine  tissues,  is  the  appearance  in  the  uterus,  during^  pregnancy,  of  n 
new  mucous  membrane,  underneath  the  old,  and  destined  to  take  the 
place  of  the  latter  after  its  discharge. 

If  the  uterus  be  examined  immediately  after  parturition,  it  will  be 
seen  that  at  the  spot  where  the  placenta  was  attached,  every  trace  of 
mucous  membrane  has  disappi^ared.  The  muscular  fibres  in  this  situ- 
ation are  exposed ;  and  the  mouths  of  the  ruptured  uterine  sinases  are 
also  visible,  their  thin  edges  hanging  into  the  cavity  of  the  uterus,  and 
their  oriiiees  plugged  with  bloody  coagula. 

Over  thv  rest  of  the  uterine  surface  the  deeidua  vera  has  also  disap- 
peared, liere,  however,  notwithstanding  the  loss  of  the  original  mucous 
membrane,  the  muscular  fibres  are  covered  with  a  semi-transparent  film, 
of  whitish  color  and  soft  consistency.     This  film  is  an  imperfect  mocouij 

membrane  of  new  formation, 
which  begins  to  l^e  produced, 
underneath  the  deeidua  vera,  as 
early  as  the  beginning  of  ibe 
eighth  month.  The  old  mucous 
inemljrane,  or  deeidua  vera,  is 
at  this  time  somewhat  opaque, 
and  of  a  slightly  yellowish  color, 
from  partial  fatty  degeneration. 
It  is  easily  separable  from  tlie 
subjacent  parts,  owing  to  tbo 
atrophy  of  its  VB£«nlar  connec- 
tions; and  the  n^'W  mucous  mem- 
brane beneath  it  is  distinguish- 
able by  its  fresh  color  and  semi- 
transparent  aspect. 

The  mucous  membrane  of  th« 
cervix  uteri,  which  takes  no  part 
in  the  formation  of  the  deeidua, 
is  not  thrown  oflF  in  parturition.  After  delivery  it  may  be  seen  to  ter- 
minate at  the  OS  Internum  by  a  lacerated  edge,  where  it  was  formerlr 
continuous  with  the  deeidua  vera. 

Subsequently,  a  regeneration  of  the  mucous  membrane  takes  plac« 
over  the  whole  extent  of  the  body  of  the  uterus.  The  membrane  of 
new  formation,  already  in  existence  at  the  time  of  delivery,  becomes 
thicker  and  more  vascular;  and  glandulur  tubules  are  gradually  devel- 
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d  in  itK  substance.  At  the  end  of  two  raonllis  after  delivery,  accord- 
mg  to  Longet*  and  Hcschl,t  it  has  rog^ained  the  normal  structure  of 
Uterine  mncous  membrane.  It  unites  at  the  os  internum  with  the 
mucous  membrane  of  the  cervix,  and  the  traces  of  laceration  at  this 
spot  afterward  cease  to  be  visible.  At  thi-  point  where  the  placenta  was 
attached,  the  regeneration  of  the 
mucous  membrane  is  less  rapid  ; 
and  a  cieatrix-like  spot  is  often 
visible  at  this  situation  for 
several  months  after  delivery. 

The  first  chanpre  in  the  mus- 
cular tissue  of  the  utinjs  after 
delivery  consists  in  a  fatty  de- 
generation. The  muscular  fibres 
of  the  unimpregnated  uterus  are 
pale,  flattened,  spindle-shaped 
bodies  (Fig.  214),  homogeneous 
or  faintly  granular  inapjiearanco, 
and  measuring  about  50  ramm. 
in  length.  During  gestation  they 
increase  considerably  in  size. 
Their  texture  Ijccomes  more 
granular  and  their  outlines  more 
distinct.  An  ovnl  nucleus  filso 
shows  itself  in  ihc  rent  ml  part  of  each  fibre.  The  walls  of  the  uteras, 
at  the  time  uf  delivL-ry,  arc  niaiujy  composed  of  these  fibres,  arranged 
in   circular,  oblique,  and  longi 
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iudinal  bundles. 

About  the  end  of  the  first 
week  after  delivery,  they  begin 
to  undergo  a  fatty  degeneration. 
(Fig.  215.)  Their  granules  be- 
come largerand  more  prominent, 
soon  assuming  the  a})|irftrfiiice 
of  fat  granules,  imbedded  in  the 
substance  of  the  fibre.  The  de- 
posit increases  in  abundance, 
and  the  granules  continue  to 
enlarge  until  they  become  con- 
verted into  fully  formed  fat  glob- 
ules, which  fill  the  interior  of 
the  fibre  more  or  less  coniiiletely, 
and  mask,  to  some  extenl,  its 
anatomical  characters.  (Fig. 
816.)     The  fatty  degeneration, 
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thus  induced,  gives  to  the  uterus  a  softer  consistency,  and  a  pale  yel- 
lowish color,  characteristic  of  this  period.  The  altered  muscular  fibres 
arc  gradually  absorbed,  giving  place  to  others  of  new  formation,  which 
already  begin  to  show  themselves  before  the  old  ones  have  disappeared. 
The  process  finally  results  in  complete  renovation  of  the  muscular  sub- 
stance of  the  uterus.  The  organ  becomes  again  reduced  in  size,  com- 
pact in  texture,  and  of  a  pale  ruddy  hue,  as  in  the  nnimpregnated  con- 
dition. The  reconstruction  of  the  uterine  tissues  is  complete,  according 
to  Heschl,  about  the  end  of  the  second  month  after  delivery. 


CHAPTER  XIII. 

DEVELOPMENT  OF  THE  NERVOUS  SYSTEH^  ORGANS  OF 
SENSE,  SKELETON,  AND  LIMBS. 

THE  first  trace  of  the  cerebro-spinal  axis  in  the  embryo  consists  of 
the  two  longitudinal  folds  of  the  external  blastodermie  layer, 
including  between  them  the  median  furrow,  known  as  the  "  medullary 
groove  "  (page  630).  When  theise  folds  have  united  on  the  median 
line,  converting-  the  groove  into  a  canal,  the  cavity  thus  produced 
assumes  the  name  of  the  "  medullary  canal,"  within  and  around  which 
the  central  nervou:*  system  is  formed. 

Fig.  2ia 


Fig.  217. 


Fio.  219. 
K     <>    . 


t-i 


FoitiUTtoic    or    the 

CBBEBRO    -     HPIKAL 

Axis.  —  a,  6.  Sptanl 
cord.  e.  Cephalic  f^x- 
tremitf.     d.  Caudal 


FcETAL  Pio.  1'^  ctTiimotro  long.  Formation   of  the   Cxkk- 


fhiiwltiK  the  eondilion  of  the 
brain  and  apiDnl  conl. — I.  Fleiul- 
spheres.  2.  Tiil>crcala  <iuit()rt> 
Ifremino.  3.  Cerebc-ltuto.  i.  U«- 
dulU  oblongfttA. 


BKO-::;PlKAL  Axis. — L,  V«Ht> 
cln  of  tho  hfinlspbeiva.  2. 
Venicle  of  the  tiiberruiK 
qnadrigeoiina.  3.  Veaicle 
of  the  mwluUA  oblougfttA. 


Its  mode  of  formation  Is  by  the  growth  of  nervous  matter  from 
the  inner  surface  of  the  medullary  canal.  The  cerebro-spinal  axis, 
accordingly,  is  al  first  a  hollow  longitudinal  cord,  varying  in  size  in 
different  regions  (Fig.  217).  Its  anterior  part  eximnds  into  a  bulbous 
enlargement  corresponding  t«  the  brain.  Its  poste^rior  part,  which  rep- 
resents the  spinal  cord,  is  nearly  cylindrical,  terminating  at  its  caudal 
extremity  by  a  pointed  enlargement. 

The  next  change  is  a  division  of  thf  anterior  bulbous  enlargement 
into  three  secondary  compartments,  partially  separated  from  each  other 
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hy  transverse  constrictions.  Thny  are  known  as  the  cerebral  v>etMa, 
from  which  the  diHVTent  parts  of  the  eneephalon  tvfp  afterward  developed 
(Fig.  218 ».  The  first  or  most  iiuterior  vesicle  \»  dee;tiued  to  form  the 
heniisphf»rea ;  the  second  or  middle,  the  tubereula  quadrigeuiina ;  the 
third,  or  posterior,  the  medullo  oblongata.  All  three  vesicles  are  bol- 
low,  and  their  cavities  communicate  with  each  other  through  the  inter- 
vening orifices. 

Yerj  soon  the  anterior  and  posterior  cerebral  vesicles  undergo  a 
further  separation.  The  anterior  vesicle  is  divided  into  two  portions. 
of  which  the  first,  or  larger,  coustitntes  the  hemispheres,  while  th<' 
second,  or  smaller,  becomes  the  optic  thalami.     The  third  vesicle  also 
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separates  into  two  portions,  of  which  the  anterior  becomes  tho  cerebel- 
lum, the  posterior  the  medulla  oblongata. 

There  are,  tfierefore,  at  this  time  five  cerebral  vesicles,  all  of  which 
communicate  with  each  other  and  viith  the  central  cavity  of  tlie  spinal 
cord.  The  entire  cerebro-spinal  axis  also  becomes  strongly  curved  in 
an  anterior  direction,  corresponding  with  the  curvature  of  thi*  l>ody  of 
the  embryo  (Fig.  210) ;  h>  that  th*-  middle  vesicle,  or  that  of  the  tuber- 
culu  qimdrigrmina,  ownpirs  a  promitn'nt  angle  at  the  up{)f'r  part  of  the 
eneephalon,  while  the  hcmispbcrcs  and  the  medulla  oblongata  are  situ- 
ated tielow  it,  anteriorly  and  posteriorly.  The  relative  size  of  tbff 
various  parts  of  the  eneephalon  is  very  differfnt  from  that  in  the  adult 
condition.  The  hemispheres  are  hardly  larger  than  the  tubereula 
quadrigeniina ;  and  the  cerebelhuu  is  inferior  in  size  to  the  medulla 
oblongata.  Soon  afterward,  the  relative  position  and  volume  of  the 
parts  begin  to  alter.  The  hemispheres  and  tubereula  quadrtgemina 
grow  faster  than  the  posterior  jKirtions  of  the  eneephalon;  and  the 
cerebflluni  is  doubled  backward  over  the  medulla  oblongata.  (Fig. 
220.)  Subsequently,  the  hemispheres  enlarge  more  rapidly,  growing 
upward  and  backward,  so  as  to  cover  both  the  optic  thnlanii  and  the 
tubereula  quadrigeniina  (Fig.  221);  the  cerebellum  projecting  in  the 
same  way  over  the  medulla  oblongata.  The  subsequent  development 
of  the  eneephalon  is  mainly  a  continuation  of  the  same  process;  the' 
relative  dimensions  of  the  parts  constantly  changing,  so  that  the  hemi- 
spheres  become,  in  the  adult  condition  (Fig.  222),  the  largest  division 
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of  the  encephalon,  while  the  cereholium  is  next  in  size,  and  covers  the 
upper  portion  of  the  niodulla  obloniarata.  The  hemispheres  and  cere- 
bellum, which  are  at  first  smooth,  become  afterward  convoluted ;  thus 
increasing  still  farther  the  fxtiMit  of  their  nervous  matter.  In  the 
human  fcetus  the  cerebral  convolutions  begin  to  appear  about  the  fifth 
month  (Lou^t);  jirrowinjE:  deeper  and  more  abundant  durinp  the 
remainder  of  foetal  life 

The  lateral  portions  of  the  brain,  enlarginicr  at  the  >>ftme  time  more 
rapidly,  project  on  each  side  outward  and  upward ;  and  coming  in  con- 
tact with  each  other  along  the  median  line,  form  the  right  and  left 
hemispheres,  separated  by  the  longttudtTial  Jiasure.  A  similar  growth 
iu  the  Bpinal  cord  results  in  the  formation  of  its  two  lateral  halves, 
ovparated  by  the  anterior  and 
posterior  median  fissures. 
Elsewhere  the  median  fissure 
18  less  complete,  ns,  for  exam- 
ple, between  the  two  lateral 
halves  of  the  cerebellum  a* id 
medulla  oblongata;  but  it  ex- 
ists everywhere,  and  marks 
more  or  less  distinctly  the 
division  of  the  nervous  c  n- 
tre.s,  produced  by  the  growth 
of  their  lateral  parts.  Tn  this 
way  the  whole  cereTiro-spinal 
axis  is  converted  into  a  double  organ,  equaJly  developed  on  the  right 
and  left  sides,  and  partially  divided  by  longitudinal  median  Gssurea 

Organs  of  Special  Sense. — The  eye  is  formed  on  each  side  by  a  lat- 
eral offehoot  from  the  first  cerebral  vesicle.  It  is  at  first  a  hollow 
diverticulum,  the  cavity  of  which  communicates  with  that  of  the  hemi- 
sphere from  which  it  was  produced.  Afterward,  the  [ia.Hsagc  of  com- 
munication is  filled  with  u  deposit  of  nervous  matter,  which  bec«imes  the 
optic  nerve.  The  globular  pivrtion  of  the  diverticulum,  which  is  con- 
verted itilo  the  ey  ball,  is  lined  posteriorly  by  a  thin  layer  of  nervous 
matter,  which  becomes  the  retina  ;  its  cavity  being  occupied  by  a  gela- 
tinous substance,  the  riireous  body.  The  crystalline  lens  is  formed  iu 
a  distinct  fullichv,  an  ofishoot  of  the  integument,  which  iM-comes  par- 
tially imlxihh'd  iti  the  anterior  portion  of  the  eyeball.  The  cdmeu  is 
also  originfllly  a  part  of  the  iti tegument,  and  remains  som«'what  opaque 
until  a  late  period  of  development.  It  becomes  nearly  transparent  a 
short  time  Ix^fore  birth. 

The  iris  is  a  muscular  septum,  formed  in  front  of  the  crystallme 
lens.  Its  central  opening,  which  afterward  l>ecomes  the  pupil,  is  at 
first  closed  by  a  vascular  membrane — the  pupillary  mrrnbrane,  pass- 
ing across  the  longitudinal  u.xis  of  the  eye.  The  blood-vessels  of  this 
membrane,  which  are  derived  from  those  of  the  iris,  subsequently  be- 
come atrophied.     They  first  disappear  from  its  centre,  and  recede  grad- 
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ually  toward  its  circumference,  returning  upon  themselves  in  loops,  the 
convexities  of  which  are  directed  inward.  The  pnpillory  iuembraoi> 
finally  becomes  atrophied,  following:  in  this  process  its  receding  blood* 
vessels  from  the.  centre  outward.  It  has  completely  disappeared  by  the 
end  of  the  seventh  month.    (Truveilhier.) 

The  eyelids  are  formed  by  folds  of  the  integument,  projecting  from 
above  and  l>eIow  at  the  situation  nf  the  eyeball.    They  grow  so  rapidly 

during  the  second  and  thir<i  months  that  their  margins  come  i 

and  adbero  together,  so  that  at  that  time  they  cannot  be  ^' 
without  violence.      They  remain  adherent  until   the  seventh  mom 
(Gny ),  when  tbey  again  separate  and  become  movable.    In  camivoroui 
animals  (dogs  and  cats),  they  remain  adherent,  until  eight  or  ten  dayi 
aft^^r  birth. 

The  internal  ear  is  formed  by  an  offshoot  from  the  third  cere 
vehicle ;  the  pa««age  of  communication  afterward  filling  up  by  a  depo: 
jof  white  substance,  which  becomes  the  auditory  nerve.    The  tympauuni 
[and  auditory  meatus  are  derived  from  the  external  integument. 

Skeleton  and  Limbs. — The  spinal  column  makes  its  first  appearance 
[aa  a  series  of  ciirtilaginoua  rings  deposited  round  the  "chorda  dor- 
liBalls  "  (page  638).  These  rings,  increasing  iji  thickneas  by  subsequeot 
[growth,  lioconie  the  bodies  of  the  vertebra?;  from  which  out 
[afterward  take  place  in  various  directions,  forming  the  lr;ii 
[oblique,  and  spinous  processes  of  the  vertebrfB,  and  enclosing  the  spinal 
canal. 

When  the  union  of  the  dorsal  plates  on  the  median  line  faib  to 
take  place,  the  .spinal  raual  ninains  open  at  that  situation,  and  pre- 
sents the  malformatiini  known  as  njnna  bifida.  This  may  consist  sim- 
ply in  a  fissure  of  the  spinal  canal,  more  or  less  extensive,  which  may 
sometimes  be  cured,  or  even  close  .spontaneously ;  or  it  may  be  ooru- 
plicated  with  imperftict  development  or  abjsence  of  the  spinal  cord  at  the 
same  spot,  producing  permanent  paralysis  of  the  lower  limbR. 

The  entire  skeleton  is  at  first  cartilaginous.  The  earliest  points  of 
ossification  show  themselves,  about  the  beginning  of  the  second  month, 
almost  simultaneously  in  the  clavicle  and  th  lower  jaw.  Then  come, 
in  the  following  order,  the  femur,  bumeruii  and  tibia,  the  superior 
ma-xilla,  the  bodies  of  the  vertebrie,  the  ribs,  the  vault  of  the  craaiuis, 
the  scapula  and  pelvis,  the  n-ietacarpus  and  metatarsus,  and  the 
phalanges  of  the  lingers  nnd  toes.  The  bones  of  the  carpus  are  all 
cartilaginous  at  birth,  and  begin  to  ossify  only  at  the  end  of  the  first 
year.  According  to  Cruveilhier,  the  ealcaueuni,  the  cuboid,  and  some- 
times the  astragalus,  begin  their  ossitication  during  the  latter  )K>rirjds 
of  fcefal  life,  but.  the  remainder  of  the  tarsus  is  cartilaginous  ai  birth. 
The  lower  extremity  of  the  femur,  according  to  the  same  authority, 
shows  a  point  of  ossification  at  birth ;  all  the  other  extremities  of  the 
long  bones  being  still  in  a  eartihiginous  condition.  The  scaphoid  bone 
of  the  tarsus  and  the  pisiform  bone  of  the  carpus  are  the  last  to  com- 
mence their  ossification,  several  years  ofter  birth.    Xearly  all  the  bones 
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sify  from  several  distinct  points;  the  ossification  spreading  as  the 
c&rtiiago  increases  in  size,  and  the  bony  pieces,  thus  produced,  uniting 
with  each  other  at  a  later  period,  usually  some  time  after  hirth. 

The  liiubs  appear  by  a  budding  process  from  corresponding  parts  of 
the  body.  They  are  at  first  mere  rounded  elevations,  without  any 
enparation  between  the  fingers  and  toes,  or  distinction  lietween  the 
articulations.  Subsequently  the  free  extremity  of  each  limb  lx>comes 
divided  into  the  phalanges  of  the  fingers  or  toes ;  and  afterward  the 
artieulatioDS  of  the  wrist  and  ankle,  knee  and  elbow,  shouMer  and  hip, 
app«.ar  Buccessively  from  below  upward. 

The  lower  limbs  in  man  are  less  rapid  in  development  than  the 
upper.  Both  the  legs  and  the  pelvis  are  very  slightly  developed  in 
the  early  periods  of  growth,  as  compared  with  the  spinal  column  to 
which  they  are  attached.  The  inferior  extremity  of  the  spinal  column, 
formed  by  the  sacrum  and  coccyx,  projects  at  first  beyond  the  pelvis, 
forming  a  tail,  wliich  is  curled  forward  toward  the  al>domen,  and  ter- 
minates in  a  poiutejl  extremity.  The  entire  lower  half  of  the  body, 
with  the  spinal  column  and  appendages, 
is  also  twisted,  from  left  to  right ;  so  that 
the  |H.'lvis  is  not  only  curled  forward,  but 
also  faces  at  right  angles  to  the  direction 
of  the  head  and  upper  part  of  the  body. 
Subsequently  the  spinal  column  becomes 
straighter  and  lo.ses  its  twi.sted  form.  At 
the  same  time  the  pelvis  and  its  muscular 
coverings  grow  so  much  faster  than  the 
sacrum  and  coccyx,  that  the  latter  l)ecome 
concealed  under  the  adjoining  soft  parts, 
and  the  rudimentary  tail  disappears. 

The  inteijument  of  the  embryo  is  at  first 
thin,  vascular,  and  transparent.  It  after- 
ward becomes  thicker,  whitish,  and  more 
opaque.  Even  at  birth  it  is  considerably 
more  vascular  than  in  the  adult  condition, 
and  has  a  strongly  marked  ruddy  color,  due  to  its  transparenry  and 
the  abundance  of  its  capillary  blood-vessels.  The  hairs  begin  to 
appear  about  the  middle  of  intra-uterine  life;  showing  themselves 
first  on  the  eyebrows,  afterward  on  the  scalp,  trunk,  and  limbs.  The 
nails  are  in  process  of  formation  from  the  third  to  the  fifth  month ;  and, 
according'  to  Ktilliker,  are  covered  with  a  layer  of  epidermis  until  after 
the  latter  period.  The  sebaceous  matter  of  the  cutaneous  glandules 
accumulates  upon  the  skin  after  the  sixth  month,  and  forms  a  whitish, 
6enn-8oli«l,  oleaginous  layer — the  remix  caseosa,  which  is  most  abun- 
dant in  the  flexures  of  the  joints,  between  the  folds  of  the  integument, 
behind  the  ears,  and  on  the  scalp. 
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CHAPTER  XIV. 


DEVELOPMENT  OF   THE  ALIMENTARY  CANAL   AND 
APPENDAGES. 

THE  aHmentary  canal  is  formed,  as  already  doscribed  (pasre  ♦^•-l ),  fro* 
the  internal  blastodermic  layer,  surrounded  by  a  lamina  derived 
from  the  mesoderm,  which  curves  downward  and  inward,  and  is  ihn^ 
converted  into  a  cylindrical  tube,  closed  at  both  extremities,  and  cm- 
braced  on  each  side  by  the  alxiominal  walls.  As  the  abdominal  walls 
do  not  unite  vnth  each  other  on  the  median  line  until  aft«T  the  fonna- 
tion  of  the  intestine,  the  abdomen  of  the  embryo  is  at  first  widely  open 
in  front,  presenting-  a  long  oval  excavation,  within  which  the  intestine 
tube  IB  situated. 

Stomach  and  IrUeetine, — The  formation  of  the  stomach  takes  pita 
in  the  following  manner:  The  alimentary  canal,  originally  straig 
eoon  presents  two  lateral  curvatures  at  the  up[>or  part  of  the  iibiloraen 
the  first  to  the  left,  the  scuond  to  the  rig-ht.  The  first  of  these  curvt- 
tnres  become;^  expanded  into  a  wide  sac.  projecting"  laterally  into  th*' 
left  hypoehondrium,  and  foruiinpf  the  great  pouch  of  the  stomacL. 
The  second  curvature,  directed  to  the  right,  marks  the  boundary 
between  the  titoniiM.'h  and  the  duodenum ;  and  the  tube  at  that  point, 
becoming  constricted  and  furnished  with  an  unusually  thick  layer  of 

mupcular    fibres,    is    converted 
Fig.  224.  ju^q  (Ijq  pylorus.     Immediatolj 

bidow  the  pylorus,  the   duode- 
num again  turns  to  the  left;  and 
similar    curvatures,    increasing 
in  number  and  complexity,  form 
the  convolutions  of   the    .<infill. 
intcHtine.     The  large    intestinfl' 
assumes  a  spiral  direction ;  a*^ 
cendiug  on  the  right  side,  iben 
crossing  to  the  left  as  the  traofi- 
verse  colou,  and  ag(^ain  di'«cmd-J 
inj.--  on  the  left  side,  to  tt'ralin•t«^,| 
through  the  sigmoid  flexure,  in] 
the  rectum. 

The  curvatures  of  the  intee- 
tinal  canal  take  place  in  an  an- 
tero-posterior,  as  well   a«  in  a 
lateral  direction  (Pig,  224).     The  abdominal  walls  are  here  imperfectly^ 
closed,  leaving  a  wide  opening  at  a,  b,  where  the  integument  of  ihc 
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foetus  is  continuous  with  the  amnion.  The  intestine  mukes  at  Itrst  a 
single  angular  turn  forward,  and  at  itB  most  proiuiueut  portion  jdves 
off  the  stem  of  the  unibilicui  vesicle  {g).  A  short  distam-f  lw>low  thia 
point  it  subsequently  enlarges  in  calibre,  and  the  situation  uf  this 
enlargement  marks  the  commencement  of  the  colon.  The  two  por- 
tions of  the  intestine,  after  this  period,  iK'Come  widely  different  from 
each  other.  The  upper  pt>rtiuu,  which  is  the  small  intestine,  grows 
most  rapidly  in  the  direction  of  its  length,  bectuniug  u  long,  narrow, 
convoluted  tube;  wbile  the  lower  |X)rlion,  which  is  the  large  intestine, 
increased  mainly  in  diameter.  The  lowermost  part  of  the  large  intes- 
tine, which  alters  least  in  form  and  position,  becomes  the  rectnm.  It 
elongates  comparatively  little,  retains  its  position  for  tbe  most  part  on 
the  median  line,  and,  as  its  name  indicates,  continues  nearly  straight ; 
presenting  only  a  moderate  antero-posterior  curvature  enrrespoudiug 
with  the  hollow  of  the  sacrum,  and  a  slight  lateral  obliquity.  It  at 
first  forms  the  blind  extremity  of  the  large  intestine,  but  subsequently 
communicates  with  the  exterior  by  the  perforation  of  the  anus.  In 
the  embryo  chick,  according  to  Burdaeh,*  the  perforatioTj  of  the  anus 
takes  place  on  the  fifth  day  of  incubation  ;  in  the  human  embryo  it 
appears  during  the  seventh  week.  In  certain  instances,  the  ojKning 
fails  to  take  place,  and  the  rectum  is  still  closed  at  birth  ;  presenting 
the  malformation  known  as  imperforate  anus.  If  the  rectum  be  other- 
wise fully  develoiMMl,  It  may  sometimes  be  felt,  distended  with  meco- 
nium, immediately  under  the  integument ;  and  an  artitieial  oi>eniug 
may  be  successfully  nmde  by  incision  at  the  anal  region.  In  other 
co&cs  the  rectum  is  also  more  or  less  deficient,  the  large  intestine  ter- 
minating in  the  u|j})er  part  of  the  pelvic  cavity. 

Just  beyond  lh<'  pi»iiit  of  junction  between  the  small  and  the  large 
intestine,  the  colon  presents  a  rounded  diverticuhim,  which  increases 
in  length  until  the  ileum,  instead  of  forming  a  continuous  tube  with 
the  colon,  seems  to  join  it  by  an  oblique  lateral  insertion.  The  diver- 
ticulum of  the  colon  Is  at  this  tin>e  conical  in  shape ;  but  afterward 
that  portion  which  forms  its  free  extrerulty  l)ecomes  elongatecl  into  the 
appen<lix  vermiformis;  while  the  remaining  portion  is  enlarged  into 
the  caput  coll. 

The  caput  coll  and  appendix  vermiformis  are  at  first  situated  near 
the  umbilicus;  but  between  the  fourth  and  fifth  months  (Cruvoilhier) 
their  position  is  altered,  and  they  l>ccorae  fixed  in  the  right  iliac 
region.  During  the  first  six  months  the  internal  surface  of  the  small 
intestine  is  smooth.  At  the  seventh  month  the  valvulie  conniventes 
begin  to  appear,  after  which  they  increase  in  size,  though  still  com- 
paratively undeveloped  at  birth.  The  colon  is  at  first  smooth  aud 
cylindrical  in  form,  like  the  small  intestine ;  ltd  division  into  sacculi 
by  longitudinal  and  transverse  bauds  takes  place  during  the  latter  half 
of  fcetal  life. 


674 


REPRODUCTION-. 


FlQ.  225. 


FOTAL  Pro,  ahowlag  thu  |jrotrii(l- 
tng  loop  of  JutcsUne,  fortn- 
ing  ambllieal  herni».    From  the 


After  the  small  intesiino  is  formed,  it  increase?  '  ".  Id 

It  grows,  for  a  time,  faster  than  the  walls  of  the  a  i  ;  andi 

can  no  longer  be  contained   m    the    ubdominal    cavity,  it  protrvdM, 
ander  the  form  of  a  hernia,  from  the  umbilical  oponing-.     ( Fig. 

In  the  human  embryo,  this  protrustoD 
tinues  during  the  latter  part  of  the  s< 
luouth.     Subsequently,  iho  walb  of  the 
domen  grow  more  rapidly   than  the  inl 
line  ;  and,  gradually  enveloping  tlie  hei 
protrusion,  at  last  reinclo)*ie   it  in  the  carj 
of  the  abdomen. 

Owing  to  imperfect  development  of  H 
abdominal  wells,  and  incomplete  cloeare 
the    lunbilioui?,    the    intestinal    profrosi* 
which  is  normal  during  the  early  et«ge« 
fcetal  life,  sometimes  remains  at  birth,  pro- 
ducing  congenital    umhilical    hernia. 
the  parts  at  this  time  have  a  natwrwl  t^ 
convexity  of  iini  loop  k  thin  fiia-    dency  to  uuitc  With  each  1)1  her,  iff 
n>cDti*«>onpa*»tngtotheurn-    protrusion  be  Tcpluced  within  the  j    . 

bilical  Tcslcle.  which,  in  the  pig,     ^  *^  . 

h«safluutn«i.  icaf-iikoforin.       and  retained  there  by  simple  pressure 

sufficient  period,  the  defect  is  usnallr  rrm^ 
died,  and  a  cure  effected.  The  conditions  are  different  in  the  adi 
where  hernia  is  usually  due  to  gradual  yielding  of  the  fibrous  tiaai 
under  pressure  from  within.  As  the  natural  period  for  the  closure 
the  orifices  has  passed,  though  the  intestine  may  be  retained  wilhf 
the  abdomen,  in  such  ca.Hcs,  by  mechanical  appliances,  it  agnio  protrudi 
when  they  are  taken  ofl; 

The  contents  of  the  intestine,  which  accumulate  during  foetal  IW 
vary  in  different  part.s  of  the  alimentary  canal.     In  the  snmll  intertit 
thoy  are  semifluid  in  ctinst.sti'Dcy,  yellowish  or  grayish-white  iu 
upper  part,  yellow,  reddi-ih-brown,  or  grecnish-browni   l>eIow.     In  tl 
large  intestine,  where  they  are  of  a  dark  greenish  color  and  pasty 
consistency,  they  have  received  the   name  of  meconium,  from  tbt 
resemVilance  to  inspissated    poppy-juice.     The   meconium    contains 
large  <juuutity  of  fat,  as  well  as  various  insoluble  substances,  the  ttsa 
due  of  epithelial  and  mucous  acctimulations.     It  exhibits  no  trace 
the  biliary  salts  (taurocholates  and  glycocbolates)  when  examinrsi 
Petteukofer's  t«'st ;   and  cjiiujut  therefore  be  regarded  as  an  aiiurai: 
laliou  of  bih'.     In  the  siiuill   itUostine,  on  the  contrary,  aeeordinp  t<| 
Lehraann,  .slight  traces  of  bile  may  he  detected  as  early  as  the  fifth 
sixth  month.     We  have  found  distinct  indications  of  bile  in  the  st 
intestine  at  birth,  but  it  is  always  in  extremely  small  quantity, 
sometimes  altogether  absent. 

The  contents  of  the  fcetal  intestine  are  therefore  mainly  derived  froi 
its  mucous  inembrani'.  Even  their  yellowish  and  greenish  hue  do« 
not  depend  on  the  secretions  of  tlie  liver,  since  the  yellow  color 
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appt'ars;  iil)out.  I  lie  middle  of  tlit*  small  iutostino,  and  not  at  its  upper 
••xtrfjuity.  The  ttitilfrial  whii-li  afttrward  aconmiilaK's  eeems  to  cxttMid 
from  this  poiut  unward  and  downward,  gradually  tillin^^  the  intohtinc, 
and  Iwroininjr,  in  the  ileuni  and  colon,  darker  colored  and  more  pa^ty 
as  ifostation  advances. 

Thf  anmiotir  (loid,  diirinj^  the  latter  half  of  foetal  life,  finds  its  way, 
in  g^reatiT  or  less  almmlauee,  into  the  btomach,  and  thence  into  the 
intestino.  Small  chcesy-lookinjsr  masses,  sometimea  found  at  birth  in 
the  flnid  contents  of  the  .stomach,  are  seen  on  microfiropic  examination 
to  he  portions  of  the  vernix  easeosta  exfoliated  from  the  >^kin  into  the 
amniotic  CAvity,  and  afterward  introduced  tlirouirh  the  ceHojihafyU!*  into 
the  stomach.  Actonling  to  Kolliker,  the  downy  hairs  of  the  ftrtus, 
exfoliated  from  the  skin,  are  often  swallowed  in  the  same  way,  and 
may  l>e  found  in  the  meconium. 

The  ffaxiric  Juice  is  not  secreted  before  birth  ;  the  fluids  of  the  j»tom- 
ach  beinj?  generally  scanty  in  amount,  clear,  nearly  colorless,  and  ncu- 
trni  or  alkaline. 

Lirer. — The  liver  is  developed  at  a  very  early  period.  Its  size  in 
proportion  to  that  of  the  entire  body  is?  ranch  pTcat4»r  in  the  early 
month?  than  at  birth  or  in  the  adult  cotidition.  In  the  fo'tal  pig  thfl 
relative  size  of  the  liver  is  greatest  within  the  first  month,  when  it 
amounts  to  nearly  12  per  cent,  of  the  entire  bodily  weight.  Afterward 
it  grows  \vsti  rapidly  than  other  parts,  and  its  relative  weight  dimin- 
ishes !5ucces«;ively  to  10  per  cent,  and  6  jK>r  cent. ;  bilng  reduced  before 
birth  to  '\  or  4  per  wnt.  In  man  the  weight  of  the  liver  at  birth  is  also 
between  3  and  4  per  cent,  of  the  entire  Iwidy. 

The  Qlycogemc  fiuiitinn  nf  the  liver  commences  during  fcetal  life,  and 
at  birth  its  tis«>ue  is  abuuduutly  saccharine.  In  the  early  jwriods  of 
fostal  life,  however,  sugar  is  produced  from  other  sources  than  the  liver. 
In  very  young  fwtuses  of  the  pig,  both  the  allantoic  and  amniotic 
fluid-s  are  saccharine  a  considerable  time  bcfor  ■  glucose  makes  its  appear- 
ance in  the  hepatic  tissue.  Even  the  urine,  in  half-grown  fix-tal  piga, 
contains  an  appreciable  quantity  of  sugar,  and  the  young  animal  is 
normally,  at  this  |>eriod,  in  a  diabetic  condition.  The  glucose  disapi^iears 
l>efore  birth,  as  shown  l>y  Bernard,*  from  both  the  urin  and  I  ho  amniotic 
fluid ;  while  the  liver  begins  to  produce  the  saccharine  substance  which 
it  contains  after  birth. 

Lunga,  Thorajr,  and  Jh'aphrarjm — The  anterior  portion  of  the  ali- 
mentary eanul,  which  ownjpies  the  reiriun  of  the  neck,  is  the  esoph- 
agus. It  is  straight,  and,  at  first,  very  short ;  but  it  subtnequently 
increases  in  length,  simultaneously  w*ith  the  growth  of  the  neighbor- 
ing parts.  As  the  oesophagus  lengthens,  the  lungs  begin  to  be  devel- 
oped by  a  protrtision  from  its  anterior  portion,  representing  the  com- 
mencement of  the  trachea.  This  protrusion  soon  divides  into  two 
symmetrical  branches,  which,  by  subsequent  elongation  and  subdivi- 
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sion,  form  the  bronchial  tubes  and  their  ramifications.  At  first  there 
is  no  distinction  between  the  chest  and  abdomen,  and  the  lungs  conse- 
quently project  into  the  upper  part  of  the  abdominal  cavity.  Afterward, 
an  outgrowth  takes  place  on  each  side,  in  the  form  of  a  transverse  par- 
tition, which  gradually  closes  together  and  becomes  the  diaphragm, 
thus  shutting  off  the  cavity  of  the  chest  from  that  of  the  abdomeo. 
Before  the  closure  of  the  diaphragm,  an  opening  exists  by  which  the 
peritoneal  and  pleural  cavities  communicate  with  each  other.  In  some 
instances  the  development  of  the  diaphragm  is  arrested  at  this  point, 
and  the  opening  remains  permanent.  The  abdominal  organs  then  par- 
tially protrude  into  the  chest,  forming  congenital  diaphragmatic  her- 
nia. The  lung  on  the  affected  side  usually  remains  in  a  state  of 
imperfect  development.  Diaphragmatic  hernia  of  this  character  is  more 
frequently  found  on  the  left  side  than  on  the  right,  and  may  sometimes 
continue  in  adult  life  without  causing  serious  inconvenience. 

Urinary  Bladder  and  Urethra. — The  urinary  bladder  originates 
from  an  outgrowth  of  the  primitive  intestine  which  at  first  appears 
as  the  allantois  (page  641).  In  the  lower  animals  this  outgrowth 
retains  everywhere  the  character  of  a  hollo w^  sac.  In  man,  that  por- 
tion which  is  situated  in  the  body  of  the  embryo  and  its  immediate 
vicinity  is  also  hollow ;  while  beyond  this  point  it  spreads  out  in  the 
form  of  a  single  continuous  investing  membrane — the  "  chorion."  Its 
elongated  portion,  between  the  chorion  and  the  abdomen  of  the  foetus, 
is  the  "  umbilical  cord,"  which  at  first  contains  a  central  tubular  canal 
throughout  mo-st  of  its  length.  This  canal  becomes  subsequently  ob- 
literated ;  the  ol)literation  commencing  at  its  outer  extremity  and  thence 
extending  inward  to  the  umbilicus.  Inside  the  umbilicus  it  still  pro- 
ceeds for  a  certain  distance  and  then  ceases.  Thus  the  original  protru- 
sion of  the  intestinal  canal  within  the  abdomen,  which  gave  rise  to  the 
allantois  and  chorion,  is  divided  into  two  portions.  The  first  portion, 
immediately  connected  with  the  intestine,  remains  hollow,  and  after- 
ward forms  the  urinary  bladder.  The  second  portion,  between  the 
urinary  bladder  and  the  umbilicus,  is  consolidated  into  a  rounded  cord, 
termed  the  urachus. 

The  urinary  bladder  is  at  first  a  pyriform  sac  (Fig.  224,  e),  commu- 
nicating at  its  base  with  the  lower  portion  of  the  intestine,  and  con- 
tinuous by  its  pointed  extremity  with  the  urachus,  by  which  it  is 
attached  to  the  abdominal  walls  at  the  umbilicus.  Afterward,  the  blad- 
der loses  this  conical  figure,  and  its  superior  fundus  assumes  in  the 
adult  a  rojinded  form. 

Development  of  the  Mouth  and  Face.  —  The  alimentary  canal  is  at 
first  a  cylindrical  tube,  closed  at  both  extremities.  In  the  region  of  the 
abdomen,  which  in  the  earlier  periods  of  development  occupies  nearly 
the  whole  of  the  body,  the  mesoderm  separates,  as  previously  described 
(page  03.^),  into  two  laminjc,  an  outer  and  an  inner.  The  outer  lamina, 
consisting  of  the  external  integument  and  the  subjacent  voluntary  mus- 
cles, forms  the  parietea  of  the  abdomen.     The  inner  lamina  forms  the 
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mucoufl  rnembrano  of  the  alimentary  cnnal,  with  its  coverin'r  of  invol- 
untary muscular  fibres.  The  sr|mriilion  of  these  two  lamina?  leaves 
between  them  the  peritoneal  cavity. 

But  in  the  anterior  part  of  the  body  of  the  embryo,  this  separation 
doe«  not  take  place.  Consequently,  that  portion  of  the  alimcntAry 
CAnnl.  namely,  the  cesophag'us,  remains  in  contjict  with  the  surround- 
inif  parts;  and  its  anterior  rounded  extremity,  the  pharynx  (Fig- 
224,  d),  lies  within  the  head,  covered  by  the  united  tissues  of  the 
middle  and  external  blastodermic  layers, 

At  this  time  there  are  formed,  on  the  ftides  and  front  of  the  neck, 
four  nearly  transverse  fissures,  the  cerviraf  fiftHuj-v^,  leadiutj:  from  'be 
exterior  into  the  cavity  of  the  pharynx.  Those  fissures  are  anulugoua 
to  the  permanent  openings  at  the  sides  of  the  neck  in  Qshos,  where 
the  gills  ar'  located.  Put  in  the  ninnimalian  embryo  they  have  only 
a  temporary  existence.  The  three  If»n'er  fissures  disappear  entirely  by 
the  gabsecjuent  adhesion  of  their  edges ;  and  in  the  chick,  according  to 
Foster  and  IJalfour,  are  completely  closed  by  the  seventh  day  of  incu- 
bation. The  upper  fissure  is  converted  into  a  narrow  canal,  leading 
into  the  iharynx,  but  elosfd  about  its  middle  by  a  transvew*  partition. 
The  outer  portion  of  this  canal  becomes  the  external  auditory  meatus; 
the  inn  :r  portion,  the  Eustachian  tube.  The  transverse  partition  is  the 
mcmbrana  tympani. 

In  the  mammalian  and  human  embryo,  the  bands  of  solid  tissue 
lH;tween  tho  cervical  fissures  are  connected  with  the  formation  of  the 
mouth  and  faee.  By  their  increase  in  growth  they  become  more  or  less 
prominent  folds,  known  by  the  nanie  of  the  "  visceral  folds."  The  first 
visceral  fold  grows  rajMdly  forward,  and  divides  into  two  somewhat 
diverging  prowsses.  which  approach  each  otlier  from  the  right  and  left 
sides  toward  tho  median  lino.  The  lower  pair  unite,  and  form  the 
inferior  majnil/i.  The  upper  pair,  which  form  the  superior  mariUa, 
unite,  not  with  each  other,  but  with  an  intervening  process  which 
grows  from  above  downward,  in  the  median  line,  l^etween  them. 

By  tho  continued  growth  of  these  processes,  above  and  below,  obout 
the  median  line,  there  is  included  Ijetween  them  a  depre8s«Hi  space,  lined 
with  a  continuation  of  the  integument,  and  situated  inimediately  in 
front  of  the  extremity  of  the  pharynx.  This  excavaiiotj  is  the  eavity 
of  the  mouthy  enclosed  on  each  side  by  the  superior  and  inferior  ma.Tillffi, 
widely  open  in  front,  but  terminating  within  by  a  blind  pit.  having  aa 
vet  no  communication  with  th<'  alimentary  canal. 

Subsequfutly,  an  opening  is  formed  lutweeu  the  back  part  of  the 
niouth  and  the  cavity  of  the  pharynx,  by  a  perforation  through  tho 
blostodermic  tissues  at  that  ptiint.  This  perforation  takes  place  in  the 
human  embryo,  according  to  Biirdach,*  during  the  nvixth  week.  The 
opening  thus  formed  marks  the  situation  of  iha /ntwefi  f  and  the  ali- 
mentary canal  then  communicates  with  the  extt'rior.     The  epithelium 
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of  the  mouth  is  consiequcntly  derived  from  ihf  fxtornal  lila-«tod< 
layer,  aud  is  oriirinally  continuous  with  the  epidermis ;  whilf  that  of 
the  pharynx  and  a'sophagus,  liko  the  reest  of  the  iDteetinal  epitbcliur 
is  derived  from  the  iDternal  blastodermic  layer. 

The  corapletion  of  the  parts  about  the  mouth  is  aecompltsihed  by  tl 
continuous  development  of  the  processes  above  described,  which  jrroi 
iog-ether  in  such  a  way  as  to  diminish  the  size  of  the  origiual  ori6c 

aud  to  modify  its  form  in  various  dir 
tions.  (Fig.  226.)  Thn  procesij  wWc 
grows  downward  in  the  niedinn  line  Froii 
the  frontal  region,  is  called  the  interinu] 
illary  process,  In  cauHc  it  intervenes  U 
tvveen  those  formio|^  the  ^upiirior  DUkxil 
and  contains,  at  a  later  '     '  u 

maxillary  bones.     In  if 

termazillary  bones?,  containiujr   the  o{ 
incisor  teeth,  remain  di»tinci  from 
of  the  superior  mnxilla,  the  lino  of  4ei 
cation  between  lliini  b< '  by 

Buture.     In  man,  as  a  ru!  .  .  -..illar 

and  intermaxillary  bones  aro  oonstdidult 
with     each    other,    the    onU  n 

suture  being  that  on  the  mt  >. 
tween  the  right  and  left  halves  of  the  nj 
per  jaw.  According  to  Geoffroy  Saint-HUaire,*  a  line  of  i*atiire  sonn 
times  remains  between  the  iutermuxillary  and  the  superior  luuxiUar] 
bones. 

The  two  inferior  maxillary  processes  unite  with  each  other,  luakti 
the  lower  border  of  the  cavity  of  the  mouth,  and  form,  by  their  unit 
upon  the  median  line,  the  inferior  maxilla.  In  quadru|)4'ds  the  inf 
rior  niiixillary  bones  present  a  permanent  median  suture;  but  in  mM 
they  are  consolidatt'd  into  a  single  piece  during  the  first  year  nftcr  birtl 
As  the  intermaxillary  process  grows  from  above  downward,  it  Hecomt 
double  at  its  lower  extremity,  and  gives  origin  to  lateral  ofTshooi^ 
which  curl  round  and  enclose  two  circular  orifices,  the  anterior  ru 
(Fig.  221};  the  ofl'shoots  themselves  becoming  the  alie  nasL  Tbci 
external  border  subsequently  adheres  to  the  superior  maxillary  process 
leaving  only  a  curvilinear  furrow  at  the  side  of  the  nosir,  to  mark  tl 
place  of  cousrdidation.  In  many  quadrupeds,  this  furrow  reiDains 
open  fissure,  extending  outward  and  upward  from  the  orifice  of 
nubtril. 

The  mouth  at  this  time  is  wide  and  gaping,  owing  to  the  ineoinplct 
development  of  the  upper  and  lower  jaw  and  the  comparative  insu 
fieieucy  of  the  lips  and  cheeks.  The  soft  parts  afterward  iDcreft!»e  il 
growth,  and  thus  gradually  diminish  the  size  of  the  orifice  (Fi^.  SS8X] 


thvkl  tit  the  xipcrior  nnd  iiifuiior 
maxOUry  proct^scK  frmu  iho  slile. 
F)<om  K  ai>ei:iuiL<ii  iu  tbu  ikutlior's 
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The  lips  and  cbreks  arise  by  fold:?  of  the  intepumcut  and  suljjarent  nms- 
cular  laye^^»,  which,  proji'Cting  downward,  upward,  and  forward,  form 
the  perniancut  borders  of  the  mouth.  The  upi)er  lip  in  mao  presents  a 
median  furrow,  bordered  by  two  slightly  elevated  ridges,  oorreeponding 
■  with  the  union  of  the  maxillary  and  intermaxillary  proc^^sses.  The 
*  lower  lip,  like  the  inferior  maxilla,  is  consolidated  on  the  median  line, 
and  shows  no  trace  of  its  double  origin. 

In  some  instances,  the  .superior  maxillary  and  intcnnaxillary  pro- 
cesses fail  to  unite  with  each  other,  giving  rise  to  the  malformation 
known  as  hare-lip.     The  fissure,  in  cases  of  bare-lip,  is  consequently 
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situated,  as  a  rule,  not  in  the  median  line,  bat  a  little  on  one  side,  cor- 
responding with  the  outer  edge  of  the  intermaxillary  process.  Sotne- 
times  the  deficiency  exists  on  both  sides  at  once,  forming  "  double  hare- 
lip;" in  which  ca.«e,  if  the  fissure  extend  through  the  bony  structures, 
the  central  piece  of  the  superior  maxilla,  detached  from  the  remainder, 
contains  the  upfter  incisor  teeth,  and  corresponds  with  the  intermaxillary 
bone  of  the  lower  animals.  In  one  instance,  oljserved  by  Wymau,* 
the  fissure  of  hare-lip  was  situated  in  the  median  line,  the  two  inter- 
jnaxillary  Iwne.*^  not  having  united  with  each  other. 

The  eyes  at  an  early  period  are  upon  the  sides  of  th*-  head  (Fig.  22f5), 
As  development  proceed.*^,  they  come  to  be  situated  farther  forward 
(Fig.  227;,  looking  obliquely  outward.  At  a  still  later  |>eriod  they  are 
placed  iin  the  anterior  plane  of  the  face  (Fig.  228),  with  their  axes 
nearly  parallel  and  looking  forward.  This  change  is  cfTeetcd  by  the 
more  rapid  growth  of  the  posterior  and  lateral  portions  of  the  head, 
which  enlarge  in  such  a  manner  as  to  alter  the  relative  position  of  the 
parts  in  front. 

The  pftlute  is  fornicd  by  the  growth  of  a  borijsontal  partition  between 
the  mouth  and  nares.  which  arises  on  each  side  as  an  offshoot  from  the 
superior  maxilla.     The  two  plates  afterward  unite  on  the  median  line, 
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forming  a  complete  separation  between  the  oral  and  nasal  oavitiea 
The  right  and  left  nasal  passages  are  separated  from  each  other  by  a 
vertical  plate  (vomer),  which  grows  from  above  and  fuses  with  the 
palatal  plates  below.  Fissure  of  the  palate  is  caused  by  a  deficiency 
of  one  of  the  horizontal  plates.  It  is  accordingly  situated  a  little  on 
one  side  of  the  median  line,  and  is  frequently  associated  with  hare-lip 
and  fissure  of  the  upper  jaw. 

The  anterior  and  posterior  arches  of  the  palate  are  incomplete  trans- 
verse partitions  which  grow  from  the  sides  of  the  fauces,  subsequently 
to  the  perforation  of  the  pharynx  and  its  communication  with  the  oral 
cavity.  Owing  to  the  muscular  tissue  which  they  contain,  the  orifice 
of  the  alimentary  canal  thus  becomes  capable  of  constriction  or  enlarge- 
ment, according  to  its  condition  of  functional  activity. 
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*  DEVELOP  MEXT  OF  THE  WOLFFIAN  BODIES,  KIDITEYS, 
AND  INTERNAL   ORGANS   OF  GENERATION, 

THE  first  trace  of  a  urinary  apparatus  consists  of  two  clong^atod, 
fusiform  of  pans,  which  make  tlieir  appearance  in  the  alxlnmen  at 
a  Very  early  periofl,  one  on  each  side  \ho  spinal  column,  known  a*;  the 
Wolffian  /joJiftt.  The}'  are  fully  furuicd,  in  the  human  cnibr3*o,  toward 
the  end  of  the  first  month  (CoBte),  al  which  time  they  are  the  largft-st 
organs  in  the  abdomen,  extendinj,'  from  junt  bcdow  the  heart  nearly  to 
the  posterior  extremity  of  the  hotly.  In  the  foetal  pi<f,  when  thirt^*en  r»r 
fourteen  nnlHmetrefl  in  length,  ihey  are  rounded  and  kidney -f^haped,  and 
occupy  a  large  part  of  the  abdominal  cavity. 
Their  combined  woij,'ht  w  a  little  over  three 
per  cent,  of  the  entire  body  ;  a  proportion  seven 
or  eijrht  times  as  lurpe  as  that  of  the  kidneys  in 
the  adult  eondition.  There  are  at  this  pt^riod 
only  three  or;ruiis  of  noticeable  size  in  the  alnlo- 
meu,  namely,  the  liver,  at  the  upper  part  of  the 
abdominal  cavity;  the  intestine,  which  is  already 
gonu'what  convoluted,  and  occupieh<  a  central 
position  ;  and  the  WolBian  biidies  on  each  side 
the  gpinal  column. 

The  Wolffian  bodies,  in  their  intimate  etructure, 
clo84?ly  resemble  the  adult  kidney.  They  consist 
of  secreting  tubules,  lined  with  epithelium,  run- 
ning transversely  to  the  outer  edges  of  the  organs, 
where   they   terminate  by   rounded   dilatations. 

In  each  of  these  dilated  extremities  is  a  globular  coil  of  capillary  blood- 
vckscIb,  similar  to  the  (jlomertilus  of  the  kidney.  At  the  Inner  edgt» 
of  the  Wolffian  body  the  tubules  empty  into  a  common  excretory  duct, 
which  leaves  the  organ  at  its  lower  extrennty,  and  communicates  with 
the  intestinal  canal,  at  n  pnint  where  the  urinary  bladder  i»  afterward 
situated.  The  principal  distinction  in  structure,  between  the  Wolffian 
bodies  and  the  kidneys,  consists  in  the  size  of  their  tubules  and  glom- 
eruli. In  the  fietal  pig,  when  three  or  four  cent imetrea  in  length,  the 
tubules  of  the  Wolllian  body  are  0,125  niillin»etre  in  dianu'ler;  while 
those  of  the  kidney  in  the  same  fa-tus  are  only  0.034  millimrtre.  The 
glomeruli  of  the  Wolffian  bodies  are  0.55  millimetre  in  dlan»eter,  while 
those  of  the  kidney  measure  only  0.14  millimetre.  The  Wolffian  bodies 
therefore  urinary  organs,  so  far  as  regards  their  minute?  structure, 
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and  are  sometimes  known  by  the  name  of  the  "  false  kidneys."    Tb 
is  little  doubt  that  thej'  perform,  at  this  poriod,  a  fiinctiou  aualogoas  U 
that  of  the  kidneys,  and  separate  from  the  blood  of  the  t-mbryo  M 
excrementitioui?  fluid  which  i:*  discharged  into  the  eavity  of  the  allaatoii.] 
Subsequently,   the  Wolffian    bodies   increase  in   i»ize ;    l»ut   as  tb-r] 
grow  less  rapidly  llian  the  other  organs,  their  relative  uiag^nitude  dimij 
ishea.     Still  later,  they  suffer  an  absolute  atrophy,  and  bocome  less  per^ 
ceptible.    In  the  hunmn  embryo,  they  are  hardly  visible  after  tht;  g^ecud 
mouth  (Longct),  and  in  the  quadrupeds  they  disappear  long  l)efor 
liu-th. 

The  Hdneys  are  formed  just  behind  the  Wolffian  bodies,  by  wfatcll 
they  are  at  first  concealed  in  a  front  view,  the  kidneys  Ix^ing  at  XhH 

time  not  more  than  one-fourth  or  one^firik"^ 
part  the  size  of  the  WoliKun  in.xlies.  (Fig.j 
230.)  Th*'  kidneys  ftubseqiuMitJy  cntargii 
while  the  Wolffian  bodies  diminish,  the  ptt: 
portion  between  th**  two  organs  i&  reversed  j 
and  the  Wolffian  bodies  a[ipear  ojt  fimal 
ovoid  or  fusiform  masseti,  on  the  aat^rioi; 
surface  of  the  kidney  a  (Figs.  231  and  232) 
As  the  kidneys  grow  more  rapidly  in  ni 
upward  than  a  downward  direction,  llx 
^Volflian  bodies  come  to  bo  situated  nt 
their  inferior  extremity. 

The  kidney  J?,  during  the  succeeding  periodij 
of  fa4al  life,  l)econie  very  largely  dcvcloj 
in  proiKirtion  to  the  retit  of  the  internal  ot 
gans;  attaining  a  size,  in  the  fcetal  pig,  equal  to  more  than  two 
c*?nt.  of  the  entire  body.    This  proj^ortion  again  dimiuishci^  before  birti 
©wing  to  the  increased  development  of  other  partB.     In   ihe  huinaiil 
fcetus  at  birth,  the  weight  of  the  two  kidneys  together  Ib  six  parte)  per  i 
thousand  of  the  entire  body. 

Internal  Organs  of  Oenerntion. — About  the  same  time  with 
formation  of  tht?  kidneys,  two  oval-shaped  organs  make  their  appear^] 
ance  in  front,  on  the  inner  side  of  the  Wolffian  bodies.      ThestJ  are  tl 
internal  organs  of  generation ;  namely,  the  testicles  in  the  m&le,  and 
the  ovaries  in  the  female.     At  first  they  occupy  the  same  sitnatii»n  an^ 
present  the  sanu<  nppearance,  whether  the  foetua  be  male  or  femule  (I'ig.J 
231). 

A  phort  dislance  above  the  internal  organs  of  generation  there  coi 
mences,  on  each  side,  a  narrow  tube  which  runs  downward,  partUk 
with  the  exeretory  duet  of  the  Wolffian  body.  The  two  tubes  approach] 
each  other  below;  and,  joining  uj»on  ihe  median  line,  empty  into  th« 
base  of  the  allantois,  or  what  will  aAcrward  be  the  urinary  bhiddcr.j 
These  tuljes  serve  as  the  excretory  ducts  of  the  internal  organs  of 
generation;  afterward  iK'Coming  the  vasa  deferentia  in  the  male,  an^ 
the  Fallopian  tubes  in   the  female.      According  to  Coste,  the  riaal 
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deferentia  at  an  early  period  are  disconnected  from  the  testicles ;  origi- 
unting,  like  the  Fallopian  tubes,  by  free  extremities,  with  an  open  orifice. 
Afterward  they  heeonu-  Kilhcrenl  to  the  testicles,  and  establish  a  fora- 
munication  with  the  tubuli  seiuiniferi,  In  the  buumu  female,  the  Fal- 
lopian tube  remain?  diseonuected  from  the 
ovary,  except  at  one  point  of  its  fimbriated 
extremity  ;  but  in  many  animals  the  jrreater 
part  of  this  extremity  becouu".-*  ndhrrent  tu 
the  ovary,  which  it  envelope  more  or  less 
completely  in  a  distinct  sac. 

Male  Orfians  of  Generation;  I>esrent  of 
the  Testicle». — In  the  male  fijetus  there  now 
commences  a  ehanpo  in  position  of  the  in- 
terna! organs  of  generation,  known  as  the 
"  descent  of  the  testicles."  In  consequence 
of  this  change,  the  testicle.**,  which  are  at 
first  in  front  of  the  kidney.-*,  near  the  middle 
of  the  abdomen,  come  to  be  situated  in  the 
scrotum,  outside  the  abdominal  onvity.  and 
enelos«'d  in  ii  disitiuct  sac,  the  tunicu  vagi- 
nalis tcstin.  This  apparent  movement  re- 
sults from  a  di.sitroportionate  growth  of  the  al)dominal  organs  above 
the  testicles,  by  which  their  relative  position  becomes  altered.  3 

By  the  upward  enlargement  of  the  kidneys,  both  the  Wolffian  l>odiea 
id  the  testicles  ore  made  to  occupy 
an  inferior  position  (Fig.  232).  -At 
the  same  time,  a  slender  rounded 
cord  (not  represenfed  in  the  figure) 
passes  from  the  lower  extremity  of 
each  testicle  outward  and  downward, 
crossing  the  vas  deferens  a  short  dis- 
tance above  its  union  with  that  of 
the  opposite  .^idc.  Below  this  point. 
the  cord  spoken  of  continues  to  run 
obliquely  outward  and  downward ; 
and,  paw^ibg  through  the  inguinal 
canal,  is  inserted  into  the  subcuta- 
neotas  tissue  near  the  symphysis 
pubis.  The  lower  paii^  of  this  cord 
becomes  the  fjulicrnacnlum  teatitt. 
It  contains    muscular    fibres,  which 

are  easily  detected,  in  tht-  human  foetus,  during  the  latter  half  of  intra- 
uterine life.  At  the  ]H'riod  of  birth,  or  soon  after.  I  hey  have  usually 
disappeared. 

That  portion  of  the  t-xcreiory  tube  of  the  testicle  situated  outside 
the  crossing  of  the  gubernuculum.  Ix'coroes  afterward  convoluted,  and 
converted  into  the  epididymis.     Inside  this  point  the  tube  remaioB 
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comparatively  straight,  but  incroaaes  in  Icng-th,  and  is  finally  knownl 
the  vaa  deferens. 

As  the  testicles  de.^oend  fitill  farther  in  the  abdomen,  they  coniinoe 
to  grow,  while  the  Wolffian  bodieH  become  nmnller;  uud  at  last,  when 
the  testicles  have  arrived  at  the  internal  in<riiiuuJ  riug,  the  Wolffian 
bn<lies  are  no  long-er  reeojjnizable.  In  the  human  foetus,  the  testicles 
re(i<"h  the  internal  inguinal  ring  about  the  end  of  the  sixth  mnutb 
<  Wils<»n). 

During  tho  seventh  month  a  protrunion  of  tbo  piTitoneum  takes  plaoft  I 

hrough  the  inguinal  canal,  in  advance  of  the  testicle;  and  as  this 

rgan  pasises  into  the  scrotum,  loops  of  muscular  fibres  are  given  off 

from  the  lower  border  of  (he  internal  oblique  muscle  of  the*  abdomen, 

ixtendjug  duwiiwurd  over  the  testicle  and  spermatic  cord.     They  form 

afterward  the  ciemasler  muscle. 

At  last,  the  testicles  descend  quite  to  the  bottom  of  the  scrotum. 
The  convoluted  portion  of  the  efferent  duet,  namely,  the  epididymis, 
remaiuB  attached  to  the  testicle;    while  the  van  deferens  pas>*e»  up-] 
Ward,  in  a  reverse  direction,  cuters  the  abdomen  through  the  inguinal 
canal,  again  bends  downward,  and  joins  its  fellow  of  the  opposite  j 
Bide;    after  which  they  both  open  into  the  prostatic  portion  of  the  J 
urethra    by   distinct  orifices,   on   either   side* 
of  the  median  line.     At  the  same  time,  IWO' 
diverticula  arise  from  the  median  portion  of 
I  be  vasa  deferentia,  and,  elon)ratiug  in  a  back- 
witrd  direction,  beneath  the  base  of  the  blad- 
iler,  become, developed  into  sacculated  reser- 
voirs, the  vesiculse  seminaleg. 

The  left  testicle  is  a  little  later  in  its  de-1 
scent   than    tho  right;  but  it  passes  fnrthtT' 
into  the  scrotum,  and,  in  the  adult  condition, 
usually  hangs  lower  than  that  of  the  oppo8ita*| 
side. 

After  the  teaticlo  has  passed  into  tho  acre 
tum,  the  serous  i)ouch,  wliich   precede<l    iisi 
descent,  remains  for  a  time  in  communicatioaj 
with  the  general  cavity  of  the  peritoneum^.] 
In   many  quadrupeds,  as.  for  rxamplp,  the] 
rabbit,  this  condition  is  permanent;  and  th«*| 
testicle  may  be  either  drawn  downward  into  the  scrotum,  or  retractet 
into  the  abilonien,  by  the  alternate  action  of  the  gubernaciilum  and  ih&j 
cremaster  muscle.     In  the  Ijuman  foetus  the  opposite  .surfaces  of  the] 
peritoneal  [)oueli  n]ipr<iueh  each  other  at  the  inguinnl  ennal.  forming  a.4 
constriction,  which  purtly  shuts  off  the  testicle  from  the  cavity  of  th^ 
abdomen.     By  a  continuation  of  this  process,  the  serous  surfacog  come 
in  contact,  and,  udhtTing  tojjethi'r  at  this  situation  (Fig,  233,  ,).  form  a| 
kind  uf  cicatrix,  by  which  the  cavity  of  the  tunica  vaginalis  {,)  is  shut 
off  from  the  general  cavity  of  the  |)eritoneum  (,).     The  tnuiea  raginalii 


FormaUon  of  the  Tukica  Vaoi- 
JIAIJS  Testis. — l.T«Uflt'  near- 
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t^gtie  is.,  therefore,  orig^inally  a  part  orthe  pcrUonoum,  from  whic'h  it  is 
-subsj-qnently  Bejmrated  by  the  constriction  and  adhesion  of  its  uppti.sit« 
wally. 

The  fifparation  of  the  tunica  vaginalis  tostls  fn>m  thij  peritoneum  is 
usually  cotuplnie  in  the  human  foetus  bpfope  birth.  But  sometimes  it 
fails  to  tak«  place  at  the  usual  time,  and  the  intestine  is  then  liablo  to 
protrude  into  the  hcrotutn,  iii  front  of  the  spermatic  cord,  f^iviug  rise 
to  congenital  iiirjuinal  hernia.  {Fig.  234. j  The  parts  implicated  in 
this  malformation  have  still  a  tendency  to 
unite;  and  if  the  intestine  be  retained  by 
pressure  within  the  abdfunen,  cicatrization 
UBually  takes  place  at  the  inguinal  canal,  and 
«  cure  is  effected. 

Female  Oryan/t  of  Generation. — At  an 
*arly  |ieriod  of  development  the  ovaries  have 
the  fianie  external  appearance,  and  occupy  the 
SArne  pohition  in  the  abdomen,  as  the  testicle^ 
in  the  opposite  srx.  The  descent  of  the  ova- 
ries also  takes  place,  to  a  great  extent,  in  the 
same  way  with  that  of  the  testicles.  When, 
in  the  early  part  of  this  descent,  they  reach 
the  lower  edge  of  the  kidneys,  a  cord,  analo- 
gous to  the  gubernaculura  testis,  extends  from  their  lower  extremity, 
downward  and  forward,  to  the  sulxiutaueons  tissues  at  the  uiguinHJ 
rin.iif.  That  part  of  the  elTereut  duct  situated  outside  the  crossing  of 
this  cord  becomes  convoluted,  and  is  converted  into  the  Fallopian  ttih' ; 
while  that  inside  the  sanio  p<»int  is  developed  into  the  vlerus.  The 
upper  portion  uf  tlie  cord  bi'con»e(^  the  lifjamenl  of  Uie  ovary;  its 
lower  portion,  the  round  li<jament  of  the  uterus. 

As  the  ovarie^s  continue  their  descent,  they  pass  below  and  behind 
the  Fallopian  tulles,  which  perform  at  the  same  time  a  movement  of 
rotation,  backward  and  downward;  the  whole,  together  with  the  liga- 
ments of  the  ovaries  and  the  round  ligaments,  being  enveloped  in 
folds  of  peritoneum,  which  enlarge  with  the  growth  of  the  included 
parts,  and  constiuite  finally  the  broad  litjaments  of  the  uterus. 

During  these  clmnges  in  the  adjacent  urgans,  the  two  lateral  halves 
of  the  uterus  fuse  with  eacli  other  on  the  median  line,  and  become 
covered  with  muscular  fibres.  In  quadrupeds,  the  uterus  remains 
•divided  for  the  most  part  into  two  long  conical  tulws  or  coniutt  (Fig. 
164).  In  the  human  sfjocies,  the  fusion  between  the  lateral  halves;  of 
the  organ  is  netirly  complete ;  so  that  the  uterus  presents  extertuilfy 
a  rounded,  flattened,  and  somewhat  triangular  figure,  with  the  liga- 
ments of  the  4)vary  and  the  round  ligaments  passing  off  from  its  upper 
corners.  Internally,  its  cavity  still  presents  a  strongly  marked  trian- 
gular form,  the  vestige  of  its  original  division. 

Occflsionally  the  human  uteruHs  renrairis  divided  internally  by  a  ver- 
tical septum,  running  from  the  middle  of  its  fundus  toward  the  os 
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comparatively  straight,  but  increases  in  length,  and  is  fiaally  knnwt)  ac 
tho  ms  dejereng, 

As  the  testicles  descend  still  farther  in  the  abdomen,  they  rontinop 
to  grow,  wbilo  the  WolflSan  liodies  bt'come  smaller ;  and  at  last,  H^hen 
the  testicles  have  nrrived  at  tile  internal  inguinal  ring,  the  Wolffian 
bodiop  are  no  longer  recognizable.  In  the  human  tectum,  the  testjej«« 
reach  the  internal  inguilial  ring  about  the  end  of  the  t^ixth  moatii 
(Wilson). 

I>iiririg  th<*  seventh  month  a  protrusion  of  the  peritoui'iiia  tAlce«:  place 
hrnugb  th«'  inguinal  canal,  in  advance  of  ihe  testicle;  and  aa  thiaj 
organ  pasrscH  into  the  srrotuni,  loops  of  muscular  fibres  are  given  off 
from  the  lower  border  nf  the  internal  oblique  muscle  of  the  abdomen  J 
e  r  downward  ovt-r  the  testicle  and  spermatic  cord.     They  formj 

B  i  the  cremader  viiiHclc. 

At  last,  the  tcsticl&g  dei^cond  quite  to  the  bottom  of  the  sorotum.l 
The  convoluted  portion  of  the  efferent  duct,  namely,  the  upididymi^J 
emains  attached  (<i  the  testicle;  while  the  vas  tleferens  passes  np-j 
ward,  in  a  reveree  ilirection,  enters  the  al)don)en  through  the  inguinal 
canal,  again  bend8  downward,  and  joins  it£  fellow  of  the  opposite ^ 
side ;   after  which  they  both  open  into  the  prostatic  portiou  of  tl 

urethra    by  distinct  oritice.'',    on   either   Mdsj 
Fig.  233.  of  the  median  line.     At  the  MLVne  time,  two 

diverticula  arise  from  the  median  portion  oS 
the  vasu  defercntia,  and,  elongating  in  a  back- 
ward tlircetion,  beneuth  the  base  of  tbt^  blad- 
del',  become. develo[K'd  into  Baccuh&t&d  rvser- 
voir.s,  the  vcsiculsc  semmales. 

The  left  testicle  is  a  little  later  in  its  dc 
ftccnt  than  tho  right ;  but  it  p;< 
into  the  scrotum,  and,  in  the  adi.i 
nsuuUy  hangs  lower  than  that  of  the  uppotdt 
"ide. 

After  the  testicle  has  pass4>d  into  tht^  pcrc 
turn,  the  serous  pouch,  which  jireceded  it 
descent,  remains  for  a  time  in  communicatioi 
with  the  general  cavity  of  the  pcritoncur 
In  many  quadrupeds,  as,  for  example,  the 
rabbit,  this  condition  is  permanent ;  and  ibi 
te.'^ticle  may  be  either  drawn  downward  into  the  scrotum,  or  n'tracte* 
into  the  ii]>dunHu,  by  the  uUernate  action  of  the  gubernaculum  and  th 
creniaster  muscle.  In  the  human  f<etuH  the  opposite  surfaces  of  th« 
peritoneal  pouch  iipproneh  each  other  at  the  inguinal  canal,  forming 
constnrtion,  which  jnirtly  shuts  off  the  testicle  from  the  cavity  nf  th« 
abdomen.  By  a  continuation  of  this  process,  the  serous  surfaces  Domi 
in  contact,  and,  adhering  together  at,  this  situation  fFig.  233,  ,>,  form 
kind  of  ciratri.\,  by  which  the  cavity  of  tjie  tunica  vaginalis  (,)  is  shti 
off  from  the  general  cavity  of  the  peritoneum  (»).     The  tunica  vaginaliB' 


FoniiiiUoii  of  ihc  Ti'Mr*  Va(.i- 
»iai.isTkstIs.— 1.  Ti>»liilf  luiir- 
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leetifl  is,  therefore,  originally  a  part  ui"  the  poritoneiiui,  from  which  it  is 
subsoquontly  separated  by  the  constriction  and  adhe.«ion  of  its  opposite 
walls. 

The  separation  of  the  tunica  vaginalis  testis  from  the  peritoneum  is 
usually  complete  in  the  human  ftt'tus  before  birth.  But  somejimes  it 
fails  to  take  place  at  the  u^uul  time,  and  the  iutedtino  is  then  liable  to 
protrude  into  the  tjcrolum,  in  front  of  the  siMTmatic  cord,  ^ivinjif  rise 
to  cungeiiital  inrjiiinal  hernia.  (Fig.  234.)  The  partd  implicated  in 
this*  malformation  have  atill  a  tendency  to 
unite;  and  if  the  intestine  be  retained  by 
pres.suro  within  the  abdomen,  cicatrization 
ii:?unlly  takes  place  at  the  inguinal  canal,  and 
a  cure  is  elTected. 

Female  Orgnn>t  of  Generation. — At  an 
early  j)eriod  of  developm<'nt  the  ovaries  have 
the  same  external  appearance,  and  occupy  the 
same  position  in  the  abdomen,  as  the  testicles 
in  the  opposite  sex.  The  descent  of  the  ova- 
ries also  takes  phice,  to  a  great  extent,  in  the 
«ime  way  with  that  of  the  testicles.  When, 
in  th<»  early  part  of  this  descent,  they  reach 
the  lower  edge  of  the  kidneys,  a  cord,  analo- 
gous  to  the  gubernaculnm  testis,  extends  from  their  lower  extremity, 
downward  and  forward,  to  the  siibeutaneous  tls^jniei*  nt  the  inguinal 
ring.  That  part  of  the  efferent  duct  situated  outt^ide  the  croKsing  of 
this  cord  beconice  convoluted,  and  is  converted  into  the  Fallopian  tube: 
while  that  inside  the  same  point  is  developed  into  the  utfrus.  The 
upper  i>ortion  of  the  cord  becomes  the  lir/ament  of  the  orary  ,•  its 
lower  portion,  the  round  lirjament  of  the  uteruH. 

As  the  ovaries  continue  their  descent,  they  \kk^»  below  and  behind 
the  Fallopian  tubes,  which  perform  at  the  same  time  a  movement  of 
rotation,  backward  and  downward;  the  whole,  t^igetber  with  the  liga- 
ments of  the  ovaricH  and  the  round  liiramentK,  being  euvelo[wtl  in 
folds  of  peritoneum,  which  enlarge  with  the  growth  of  the  included 
part^j,  and  constitute  6nally  the  broad  ligaments  of  the  lUerus. 

During  these  changes  in  the  adjacent  organs,  the  two  lateral  halves 
of  the  uterus  fuse  with  each  other  on  the  median  line,  and  l)ecome 
covered  with  muscular  fibres.  In  quadru|>eds,  the  uterus  remains 
divided  for  the  most  part  into  two  loner  conical  tnbes  or  cornua  (Fijff. 
164).  In  the  human  species,  the  fusion  Ix^tween  the  lateral  halves  of 
the  organ  is  nenrly  convplete ;  so  that  the  uterus  presents  externally 
a  rounded,  (lattened.  and  suniewhal  triangular  figure,  with  the  liga- 
ments of  the  ovary  and  tlie  round  ligaments  pafiBing  off  from  its  up|)er 
corners.  Internally,  its  cavity  still  presents  a  «t.rongly  marked  trian- 
gular form,  the  vestitre  of  its  original  division. 

Occasionally  the  human  uterus  remniu^  divided  internally  by  a  ver- 
tical septum^  running  from  the  middle  of  its  fundus  toward  the  os 
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bluod  to  tiie  external  vascular  plcxu»,  and  returning  it  thence  to  the 
embryo.  As  the  embryo  and  the  entire  egg  increase  in  size,  two  urtis 
ries  and  two  vcinf*  become  larger  than  the  rest,  «nd  subsequently  do 
the  whole  work  of  conveying  the  bluud  to  and  from  the  area  vasculoem. 
Tlio  nrt^'riea  emerge  from  the  lateral  edges  of  the  embryo,  on  the 
right  and  left  sides ;  while  the  veins  re-enter  at  about  the  same  point 
and  nearly  parallel  with  them.  These  four  vessels  are  termed  the 
(imphalchmescnlcric  arieric^  nnd  vcius. 

The  arrangement  of  the  circulatory  apparatus  in  the  interior  of  the 
body  at  this  time  in  as  follow:? :  The  heart  is  situated  at  the  median 
line,  immediately  beneath  the  head,  and  in  front  of  the  orsophagus.  It 
receives  at  itti  lower  extremity  the  uniled  tnmki*  of  the  two  omphnlo- 
mesenteric  veins,  and  at  its  upper  extremity  gives  olT  two  vessels  which 
almost  immediately  divide  into  two  sels  of  lateral  arches,  bending  back- 
ward along  the  sides  of  the  neck,  and  reuniting  into  two  trunks  in  front 
of  the  vertebral  column.    These  trunks  then  run  from  above  downward 

nn  each  Hide  the  niediiiu  line^  They 
are  called  the  tTrtcbral  arteries,  on 
iK'count  of  I  heir  situation,  adjacent 
ki  and  parallel  .with  the  vertebral 
colimin.  Thoy  give  off,  throughout 
1  heir  course,  small  lateral  l)rancheii, 
which  supply  the  body  of  the  embryo, 
i\nd  also  two  larger  bninches — the 
omplmlo-nieKenteric  artL'rie.s — which 
pass  out.  as  ol)ove  described,  to  the 
jirea  vasculosa.  The  two  vertt-bral 
arteries  remain  separate  in  the  uppir 
part  of  the  body,  but  fuse  with  ench 
other  a  little  lielow  the  level  of  the 
hcATt;  so  that,  beyond  this  |>oint, 
there  remains  but  one  large  artery — 
.  .    ......     ..'!"""/''.".,'".!  the    aorta  —  running    from     above 

lW;  (Uid  alwj  (bul  of  till- nlluiit.ii-,  lii-giunliig  e 

totwfonued.  dov^^lwn^d  along   the  median    line, 

giving  off  the  omphalo-mesi-ntcric 
artericH  to  the  area  vaeculosa,  and  su])plying  smaller  branches  to  the 
body,  the  walls  of  the  iutestioi*.  and  the  other  organs  of  the  embryo. 

This  is  the  couditiou  which  marks  thr  first  or  vitelline  circulation. 
A  change  now  begins  to  take  place,  in  which  the  vitellus  is  !^uj)erseded, 
as  an  organ  of  nutrition,  by  the  placenta;  giving  rise  to  the  second  or 
placental  circulation. 

rhirentnl  Circiifation. — After  the  umbilical  vesicle  hat)  been  formed 
by  the  process  already  described  (page  G3i)i),  a  part  of  the  vi  tell  us 
remains  included  in  it,  while  the  rest  is  retained  in  the  abdomen. 
enclosed  in  the  iiilestinal  canal.  As  these  two  organs  (umbilical  vcbIcIc 
and  intestine)  arc  originally  parts  of  the  same  vitelline  sac,  they  remain 
supplied  by  the  same  vascular  system,  namely,  the  omphalo-meeenteric 
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vessels.  Those  within  the  abdoracn  supply  the  mesentery  and  intestine ; 
while  the  remainder  pass  out\sard  and  ramify  on  the  walls  of  the  um- 
bilical vesicle  (Fig.  230).  At  first  there  are,  as  above  mentioned,  two 
otupbalo-mesentoricurterlos  emerging:  from  tlie  body,  and  two  omphalo- 
mesenteric veins  returning-  to  it ;  hut  afterward  the  two  arteries  are 
replaced  by  a  commoti  trunk,  while  a  similar  change  takes  place  in 
the  veins.  Subsequently,  therefore,  there  remain  but  one  artery  and 
one  vein,  connecting  the  internal  and  external  portions  of  the  vitelline 
circulation. 

The  vessels  belonging  to  this  eystem  are  called  the  oraphalo-mesen- 
teric  vessels,  Ucause  a  part  of  them  (omphalic  vessels"!  pass  outward, 
by  the  umbilicus,  or  "omphalos,"  to  the  umbilical  vcsicli'.  while  the 
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Utaf^ram  of  th«  Embryo  akh  tT».  Vk9ski.s,  showing  fhi»  tprond  or  ptaoFiitai  rin-titiiiion.  Tti«  Inlrw- 
I1n«*  bftx  bcc<iine  fiirtht>r  tl«velopf«1,  and  the  ini*M>Dteri('  arterii'S  have  c-nlarKixl,  while  the  umbllU 
cal  resiciv  antl  Its  voMMiUr  hruncben  arc  tvduccd  ia  aLu*.  Thu  Iiirgv  uinbllkal  arlvricr  urc  »na 
puslng  out  to  the  placenta. 


remainder  (mesenteric  vessels)  ramify  upon   the   mesentery  and   the 
intestine. 

At  first,  the  circulation  of  the  ambilical  vesicle  is  more  important 
than  that  of  the  intestine ;  and  the  omphalic  artery  and  vein  appear 
accordingly  as  large  trunks,  of  which  the  mesenteric  vessels  are  small 
branches  (Pig.  23(1).  Afterward  the  intc-^tine  enlarges,  while  the  um- 
bilical vesicle  diminishes,  and  the  proportion  1>etween  the  two  sete  of 
m  vessels  is  reversed.  The  mesenteric  vessels  then  come  to  be  the  prin- 
W  cipal  trunks,  while  the  omphalic  vessels  arc  minute  branches,  running 

■ 
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out  to  the  umbilical  vesicle,  and  ramify iug  iu  a  few  scanty  twigs  uj 
Its  surface  (Fig.  237 ). 

In  the  meantime,  the  allantois  is  formed  by  a  protrusion  frnrn  t| 
lower  extremity  of  the  intestine,  which,  currying  with  it  two  arteri* 
and  two  veins,  passes  out  from  the  iilHlomeu,  and  corner  in  coot 
with  the  external  membrane  of  the  e^jr.  The  arteries  of  the  allontoii 
termed  the  umbilical  arteries,  are  supplied  l»y  brunches  of  the  al)doi 
inal  aorta;  while  the  venous  trunks  returninj?  from  it,  or  the  uinhilic 
veins,  join  the  mesenteric  veins,  and  empty  with  them  into  the  venot 
extremity  of  the  heart.  As  the  umbilical  vei^icle  diminished,  the  alia 
tois  enlarges ;  and  the  latter  is  conv€Tted,  in  the  human  sn" ' 
a  vascular  chorion,  which  serves  for  the  formation  of  tht  u 

(Fijf.  237).    As  the  placenta  soon  becomes  the  only  source  of  nutririd 
for  the  foetus,  its  vessels  increase  in  size,  and  preponderate  over 
other  parts  of  the  circulatory  system.     During  the  early  pt^riods  of 
formation  there  are,  as  above  mentioned,  two  umbilical  arteries  ai 
two  umbilical  veins.     Subsequently  one  of  the  veins  disappears,  wbi 
the  other  become«  enlarjared  in  proportion,  and  returns  the  whole  of  i 
blood  from  the  placenta  to  the  foetus.     For  a  l«»np  time   previona 
birth  the  umbilical  curd  eontaiiis  therefore  two  umbilical  arterie«i, 
but  one  umbilicnl  vein. 

AduU  Circulation. — The  placental  circulation  is  exchnugiHl  at  biT 
lor  the  third  or  adult  circulalion.     This  is  distiuguiBhcd  by  tJie  dis 
jwarance  of  the  placenta  and  the  vessels  connected  with  it,  oiid  by 
entrance  into  activity  of  the  lungs  and  the  alimentary  canal,  as 
organs  of  nutrition  and  aeration.     A  large  proportion  of  tlio  l»lood 
accordinjurly  turned  away  from  its  former  channels,  and  <"  •    '    ted 
new  organs.     This  chauR-e  is  comparatively  rapid.    The  . 
sition,  irom  the  vitelline  to  the  placental  circulation,  was  in^a^iusJ; 
umbilical  vesicle  diminishing  simultaneously  with  the  enlargement 
the  phwenta,  and  the  two  organs,  with  their  blood-vessels,  cofxiati 
for  a  certain  period.     But  at  birth  the  placenta  is  suddenly  withdraw 
from  the  circiilatury  system  and  replaced  in  functional  activity  by  t| 
lungs  and  the  aliraentary  canal. 

This  change,  however,  has  been  already  provided  for  by  the  gradti 
development  of  the  necessary  organs,  and  by  corresponding  alteratioi 
in  both  the  arterial  and  venous  systems. 

Development  of  the  Arterial  System. — At  an  early  period  of  dev« 
opment,  the  arterial  trunks,  after  passing  off  from  the  anterior  oztremit 
of  the  heart,  curve  Tmckward,  as  already  described  'pagt!!  OS*- 
sets  of  lateral  brnnches,  toward  the  vertebral  column,  after  a\  i 
reunite,  to  form  the  "vertebral  arteries."  The  curved  l)rniii(! 
braciug  the  sides  of  the  neck,  are  called  the  cermcal  arche.-^, 
pass  through  the  substance  of  the  "  viyeeral  folds,"  already  de« 
(page  TmI).  and  are  separated  from  each  other  by  the  interv<«ninff 
vical  fissures.  In  the  embryo  chick,  ac<.'ording  to  Foster  and  Halfoui 
three  cervical  arches,  in  the  three  upper  visceral  folds,  have  lieen  fori 
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by  the  end  of  the  second  day  of  incubation.  During  the  third  and 
fourth  days,  the  first  and  second  cervical  arches  become  obliterated, 
a  fourth  and  a  fifth  appearing  at  the  same  time,  in  the  correnpondinp 
visceral  folds.  Thus  there  are,  in  all,  five  vascular  r«'rvical  arches; 
but  only  three  are  to  be  found  coe.xisting  at  any  one  time. 

In  fishes,  the  cervical  arche.^  remain  aa  permanent  blood-v<^ss4'l$  sup- 
plying the  gills,  four  or  five  in  number  on  each  side.  In  birds  and 
mammalians,  some  of  the  cervical  arches  disap|iear,  or  leave  only  cer- 
tain arterial  inosculations  as  vestiges  of  their  embryonic  existence. 
Some,  on  the  other  luind,  remain  as  permanent  vascular  trunks  or 
branches,  forming  important  parts  of  the  ndult  arterial  system. 

The  details  of  growth  and  modification  in  the  cervical  arches  are  not 
all  described  in  the  same  manner  by  difTerent  observers;  and  there 
seems  to  be  some  difference,  in  this  respect,  between  mammalians  and 
birds.     The  general  features  of  the  process,  however,  are  as  follows: 

The  two  ascending  trunlcs,  on  the  anterior  part  of  the  neck,  from 
which  the  cervical  arches  are  given  off,  iK'come  the  carotid  arteries. 
The  first  and  Becond,  that  is,  the  two  upper  cervical  arches,  on  each 
side,  disappear  completely,  or  remain  only  as  small  and  inconstant  arte- 
rial inosculations.  The  third  arch  Viecomes  the  subclavian  artery,  giv- 
ing off  the  permanent  vertebral  artery,  and  continuing  its  course  as 
the  axillary  artery,  to  the  upper  limb.  The  fourth  cervical  arch 
undergoes  different  changes  on  the  two  sides.  On  the  left  side  it 
becomes  enormously  enlarged,  giving  off,  as  s<'condary  Itrunches,  all  the 
arterial  trunks  going  to  the  head  and  upjier  limbs,  and  is  thus  converted 
into  the  arch  of  the  aorta.  On  the  right  side  it  grows  emaller,  and 
ultimately  disappears;  so  that  at  last  there  is  only  a  single  aortic  arch, 
situated  on  the  left  of  the  median  line,  and  continuous  helow  with  the 
thoracic  aorta. 

The  fifth  or  last  cervical  arch  becomes  on  each  side  the  piilmouary 
artery;  its  external  portion  on  the  right  .side  disappearing  at  a  very 
early  period,  but  on  the  left  remaining  for  a  certain  time,  as  the  ductus 
arteriosus,  lietween  the  pulmonary  artery  and  the  aorta. 

Notwithstanding  that  all  the  cervical  arches  are  at  first,  aa  their 
name  implies,  situated  in  the  region  of  the  neck,  their  remains  or  fier- 
manent  representatives  in  the  complete  form  of  the  arterial  system, 
come  to  be  plft<e<l  farther  downward,  and  even  In  the  eavi(y  of  the 
chest.  This  is  due  to  the  varying  rapidity  of  growth  in  different  parta, 
at  successive  periodic  of  development.  The  thorax  at  first  has  no  exist- 
ence ns  a  distinct  portion  of  the  trunk ;  the  heart  being  pla^M^d  imme- 
diuti'ly  beneath  ilie  hi-ad,  and  afterward  changing  itn  position  with  the 
increasing  development  of  the  lungs  uud  chest.  The  neck,  with  the 
ossophagiis  and  trachea,  also  elongates  in  an  upward  direction,  so  that 
the  vascular  organs  of  this  region  afterward  occupy  a  situation  farther 
down.  In  fi.shes,  where  there  are  no  lungs  and  no  thoracic  cavity,  the 
cervical  arches  are  permanent,  and  the  heart  remains  in  ili<"  anuHor 
portion  of  the  trunk,  just  behind  the  gills. 
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Corresponding  changes  take  place,  during  this  time,  in  the  lower  fm 
of  the  l>ody.  Here  the  nbdominal  aorta  runs  undivided,  on  the  nacdi&u 
linf,  to  thi'  end  of  the  spinal  column  ;  giving  off  lateral  bmnchus  totbc 
intcHtino  and  tho  nlKlominnl  walls.  Wh»:-n  the  allantoic  i-5  devt-Ioped, 
two  of  these  brancbcfl  accompany  it,  and  lieconie,  consequently,  thn 
umhilicnl  arteries.  These  vessels  increase  so  rapidly  in  sixe,  that  the? 
Boon  appear  as  main  divi.sions  of  the  aorta;  while  its  origina]  continna 
tion,  running  to  the  end  of  the  spinal  column,  appears  as  a  sraall  hnmch 
given  oB'  at  the  point  of  Ijifurcation.  The  lower  limbs  are  supplied  ttyj 
two  small  branches  from  the  umbilical  arteries  near  their  ori^n. 

Up  to  this  tinie,  the  pelvis  ami  lowrr  limlw  are  but  slightly  develop 
Subsequently  they  grow  more  rapidly,  in  proportion  to  the  rest  of  tlii 
body,  an<l  their  arteries  enlarge  to  a  corresponding  degree.  That  por 
tion  of  I  he  umbilical  arterit-s  lying  ln'twccn  the  bifnrcatioD  of  the  aor 
and  the  branches  going  to  the  lower  limbs,  becomes  the  common  ilia 
arteries,  which  nfterward  divide  iuto  the  umbilii-al  artprir-s  pro[)cr  and 
the  femorals.  Subsequently,  in  accordance  with  the  growth  of  th< 
pelvis  and  lower  limbs,  the  relative  size  of  their  blood-rosaels  is  still 
further  increased;  and  at  last  the  arterial  system  in  this  part  of  the 
body  asHumes  the  arrangemettt  bolougiujf  to  the  latter  periods  of  g»"i«- 
tation.  The  riorta  divides,  as  before,  into  the  two  common  iliac  arlerifs. 
These  divide  into  tlie  external  iliacs,  supplying  the  lower  liiubs,  and  tbf 
internal  iliucs,  supplying  the  i>elvis;  antl  this  division  is  so  place*!  that 
the  umbilical  arteries  arise  from  the  internal  iliacs,  of  which  the}'  now 
ajjpear  to  be  8econ<]ary  briitiches. 

After  birth,  the  umbilical  arteries  bworae  for  the  most  part  atro 
phled,  and  are  converted,  in  the  adult  condition,  into  solid  cords,  rut 
ning  upward  to  the  umbilicus.  Their  lower  portions,  however,  remar 
pervious,  under  the  name  of  the  "  hypogastric  arteries,"  and  give  olf^ 
branches  supplying  the  urinary  bladder.  The  terminal  coutinuatioi 
of  the  original  abdominul  aorta  is  the  arteria  sacra  media,  which, 
the  adult,  runs  downward  on  the  anterior  surface  of  the  sacrum,  eu( 
plying  the  rectum  and  the  anterior  sacral  nerves, 

Derelopm^nt.  of  the  Venous  Systetn. — According  to  Costo,  the  prii 
cipal  veins  of  the  body  consist  at  first  of  two  long  venous  trunks. 
vertebral  reins  (Fig   238),  running  along  the  sides  of  the  vortel 
Column,  parallel  with  the  vertebral  arteries.    They  receive  in  succeseiol 
alt  the  intercostal  veins,  and  empty  into  the  heart  by  two  lateral  trunka»' 
the  canals  of  Cuvier.     When  the  lower  limbs  Ijiicome  develop<Hl,  their 
two  veins  join  the  vertebral  veins  in  the  posterior  portion  of  the  bodvj 
and,  crossing  them,  afterward  unite  with  each  other,  eon^titutine 
third  vein  of  new  formation  (Fig,  239.  u),  which  runs  u])ivurd  a  liltl 
to  the  right  of  the  median  line,  and  empties  by  itself  into  the  low< 
extremity  of  tlie  hearl. 

The  two  branches  which  thus  unite  become  afterward  the  coi 
iJiac  veins;  and  the  trunk  resulting  from  their  union  is  the  vena  eai 
inferiitr.     Subsequently,  the  vena  cava  inferior  becomes  very  mt 
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larger  than  the  vertebral  ^eJnss,  and  returns  to  the  heart  nearly  all  the 
blood  from  the  lower  half  of  the  body. 

Above  the  level  of  the  heart  the  vertebral  and  int<>rco8taI  veins  retain 
their  relative  size  until  the  development  of  the  upper  limbn  has  com- 
menced. Then  two  of  the  intercostal  veiiia  increase  in  diameter  (Fig, 
240),  and  become  the  right  and  left  8ul«;laviaD8 ;  while  the  vertebral 
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DJtgnun  of  the  VucoDa 
StrrtLU  in  Us  eu-ly  con- 
ilitloii ;  »bowjng  thu  vi-r> 
tebrnl  relus  cuiptyiiiK 
tlilo  the  lu'DTt  by  I  wo 
totend  tniDks,  tbc  "c»- 
luds  of  Ca^or." 


Vkmovb  BrsTRM  fart  her  ad- 
ranc«d,  ohon-jnj;  ihr>  Iliac 
kiid  aubclaTiiui  velds.  —  a. 
VHin  of  tii!ir  formation, 
whU'h  hecomta  the  liiCiTior 
reiia  cava.  ^.  TninKVi-nw 
brani'h  of  now  foniialiuu, 
which  hpotimes  thr  K^ft'  rena 
iDnominaU. 


Furihvr  deTeloi»Bi<?nt  of  tb« 
Vin««>i*»  Ststkh.— Th<?  v»«i«- 
tchral  vi'lim  »r>-  r«duc«^  io 
•iut.aml  lUeuatialuf  Tuvlar, 
on  Lh*-  left  iiilt,  lidUaij>|M-«rv 
iiig.  e,  Traii«v<TM  limnoh 
of  Tf!V  foniiBtliii».  wliiob 
tiecntiira  Uie  veiia  azygga 
mioor 


▼eine  eituated  above  them  iK-conie  the  ri^ht  and  left  jugular  veins. 
Just  below  the  junction  of  the  jugularw  with  the  Riibclavians,  a  ^luaU 
branch  of  communication  now  appears  Jx'tween  the  two  vertebrals 
(Fig.  239,  h),  paKsing  (rom  left  to  right,  and  emptying  into  the  right 
vertebral  vein  a  little  al>ove  the  heort;  so  that  a  part  of  the  blood 
coming  from  the  left  side  of  the  head,  and  the  left  upper  limb,  still 
passes  down  the  left  vertebral  vein  to  the  heart  on  its  own  nide,  while 
a  jMiTt  crosses  over  by  the  communicating  branch  (ft),  and  reaches  the 
heart  through  the  right  vertebral  vein.  Soon  afterward,  this  branch 
of  ciimmuiucation  cnlargcu  bo  rapidly  that  it  preponderale.s  over  the 
vertebral  vein  from  which  it  originated  (Fig.  240),  and  Uicomes  the 
left  vena  innominata. 

On  the  left  side,  that  portion  of  the  superior  vertebral  vein,  which 
is  below  the  subclavian,  remains  as  a  branch  of  the  vena  innominata, 
receiving  the  six  or  seven  upper  intercostal  veins;  while  on  the  right 
side   it  becomoB   excessively  enlarged,  receiving   the   blood  of  both 
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jugular  and  both  subclavian  veins,  and  is  converted   into  the  vena 
cava  superior. 

The  left  canal  of  Cuvier,  by  which  the  left  vertebral  vein  at  first 
communicates  with  the  heart,  is  subsequently  obliterated,  while  that 
on  the  right  side  becomes  excessively  enlarged,  forming  the  lower 
extremity  of  the  vena  cava  superior. 

The  superior  and  inferior  venae  cava;,  accordingly,  do  not  correspond 
with  each  other  so  far  as  regards  their  origin.  The  superior  vena 
cava  is  one  of  the  original  vertebral  veins ;  while  the  inferior  vena 
cava  is  a  vessel  of  new  formation,  resulting  from  the  union  of  two 
lateral  trunks  from  the  inferior  limbs. 

The  remaining  vertebral  veins  finally  assume  the  condition  showa 
in  Fig.  241,  which  is  the  adult  form  of  the  venous  circulation.  At 
the  lower  part  of  the  abdomen  the  vertebral  veins  send  inward  trans- 
verse branches  of  communication  to  the  vena 
cava  inferior,  between  the  points  at  which  they 
receive  the  intercostal  veins.  These  branches 
of  communication  become  the  lumbar  v^ns  (,), 
which  in  the  adult  communicate  with  each  other 
by  arched  branches,  a  short  distance  to  the  side 
of  the  vena  cava.  Above  the  level  of  the  lum- 
bar arches,  the  vertebral  veins  retain  their  origi- 
nal direction.  That  upon  the  right  side  still 
receives  all  the  right  intercostal  veins,  and  be- 
comes the  i^ena  azygos  major  (g).  It  also  receives 
from  its  fellow  of  the  left  side  a  small  branch  of 
communication  (Fig.  240,  c),  which  soon  enlarges 
to  such  an  extent  as  to  bring  over  to  the  vena 
azygos  major  all  the  blood  of  the  five  or  six 
lower  intercostal  veins  of  the  left  side,  becom- 
ing, in  this  way,  the  vena  azygos  minor  (Fig. 
241,  i,).  The  six  or  seven  upper  intercostal 
veins  on  the  left  side  still  empty,  as  before,  into 
their  own  vertebral  vein  (,o),  which,  joining  the 
left  vena  innominata  above,  is  known  as  the 
superior  intercostal  x:ein.     The   left    canal  of 

that 


Adult  eoiiditirm  of  the  Vk- 
NOUS  SVSTKM.  —  I.  Uiijht 
auricle    "f    the    hi'art.    2. 

Sar;eu,r4ts„u:u:  t-'»vicr  ha^  by  this  time  disappeared;  so 

vian  veins.  :>.  Vena  cava  all  thc  vcnous  blood  uow  cutcrs  the  heart  by 

the  superior  and  the  inferior  vena  cava.     But 

the  ori<«:inal  vertebral  veins  are  still  continuous 


illl'eriitr.  tj,  0.  Iliac  veins. 
7.  Luiiiliur  vfins.  8.  Vena 
azyjfos  nuij'T.  9.  Vena  a/.y- 
Kos  minor.  10.  Sii|M;ri»r  in- 
terco'stal  V4:in. 


throjighout,  though  much  diminished  in  size  at 
certain  ])oints;  since  both  the  greater  and  lesser 

azygous  veins  inosculate  below  with  the  superior  lumbar  veins,  and 

the  superior  intercostal  vein  inosculate.s  below  with  the  lesser  azygous 

vein,  before  it  ero.'^.sos  to  the  right  side. 

There  art;  two  parts  of  the  circulatory  apparatus,  the  development 

of  which  is  sufficiently  important  to  be  described  separately.     These 
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are,  first,  the  liver  and  the  <lnctn8  venoRus,  and  secondly,  the  heart 
and  ductus  arteriosui?. 

The  Uejjatir  Circulation  nnd  Ductus  Ve7\o>iu». — Th»^  h'ver  appnrs 
at  a  very  early  period,  i»  the  upper  part  of  the  abdomen,  as  a  masK  of 
g'laudiilur  and  vascnlar  tissue,  develoiH-d  around 
the  uppt-r  portion  of  tbo  oniphalo-nicsenterie 
vein.jupt  below  its  lermiuatiou  in  the  heart 
(Fig.  242).  As  soon  as  the  organ  has  attained 
a  considerable  size,  the  onipbalo-mesentoric 
vein  (,)  breaks  np  in  its  interior  Into  a  capil- 
lary ple.xus,  the  ves.sels  of  which  reunite  into 
a  venous  trunk,  conveying  the  blood  toward 
the  heart.  The  oniphalo-meflcnteric  vein  l>elow 
the  liver  then  beenmej*  the  portal  vein  ;  while  ^^^^rrr-. 

above  that  organ  it  receives  the  name  of  the  ^^'ly  t*>"^  **(  **•"  HurAxic 
hepatic  vein  (,).  I  he  liver,  accordingly,  i»  at  mwctoric  v,in  2.  nnwtio 
this  time  supplied  with  blood  entirely  by  the      '••i"    ^  H"«rt.  The  .loiusi 

.,         .  .  .  ^,  ,.,.*,*.,  line   uliciwa   iJi(!   •iluatiim  iif 

portal  vein,  coming  from  the  umbilical  vesicle      ,|„.  f.jmr..  ,„nbmwki  »ciii. 
and   the   intestine  ;  and  all  the  blood  derived 

from  this  source  passes  through  thr  hei>atii;  circulation  before  reaching 
the  heart. 

But  rioon  afterward  the  allantois  make.«  its  appearance,  and  liecomea 
developed  into  the  placenta;  and  the  umbilical  vein  returning  from  it 
joins  the  onii»bji!ri-niesenteric  vein,  and  takes 
part  in  the  loruvation  of  the  hepatic  capillary 
plexas.  Since  the  umbilical  vesicle,  however. 
b«*comes  atrophied  and  the  intestine  remainH 
inactive,  while  the  placenta  incren.'ses  in  size 
and  importance,  a  period  arrives  whcu  the  liver 
receives  more  blood  by  th«'  umbilical  vein  than 
by  the  portal  vein  (Fig.  943).  The  umbilical 
vein  then  passes  into  the  liver  ni  the  longitu- 
dinal fissure,  and  r.imilief*  throughout  the  left 
lobe  of  the  organ.  To  the  right  it  send.s  a  large  UKtM-nc  nncvu^-non  fkrtb« 
branch  of  communication,  which  opens  Into  the  fl'^f""***. ""',**'•'**'  \f^  ^ 
portal  vein,  and  partially  provides  for  the  cir- 
culation in  the  right  lobe.  The  liver  in  thus 
supplied  with  bluod  from  two  sources,  the  most  abundant  of  which  is 
the  ambilical  vein ;  while  all  the  blood  which  enters  it  circulates,  as 
before,  through  its  eapilhirv  vessels. 

But  the  liver  at  this  time  is  much  larger,  in  proportion  to  the  other 
organ*,  than  at  a  later  period.  In  the  fcptal  pig,  when  very  young,  it 
amount?  to  nearly  twelve  per  cent.  <»f  the  whole  body;  while  tvefore 
birth  it  dimiuit^ihes  to  seven,  six,  and  even  throe  or  four  per  cent.  In 
the  latter  part  of  foetal  life,  therefore,  its  capillary  ciroulntion  lirromea 
insufficient  to  acconmiodate  all  the  lilood  returning  from  the  placenta ; 
and  a  vascular  canal  i»  formed  In  ita  interior,  by  which  a  portion  of  the 
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placeutal  blood  reaches  the  heart  without  passing  throagh  tho  hi 
capillaries.     This  canal  is  the  Ductus  venosua. 

The  ductus  venosus  is  formed  by  a  dilatatioD  of  one  ol  im-  ney 
capillaries  (Fig-.  244),  which  is  thus  converted  into  u  wide  branch  of 
communication  between  the  umbilical  vein  below  and  the  beputic  veia^ 
abo\'c.     The  circulation  in  the  liver,  at  this  period,  is  as  follow^: 
certain  quantity  of  venous  blood  still  enters  throuje-h  the  portal  vein  (i)^ 
and  circulates  in  a  part  of  the  capillary  system  of  the  ri^'ht  lol>e.     The] 
unibilical  vein  (,)  enters  the  liver  a  little  to  the  left,  bring-iu;;^  a  larger] 
quantity  of  blood,  which  divides  into  three  principal  streams.     One  of  j 
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them  passes  through  the  left  branch  of  the  umbilical  vein  (,)  into  tbi 
capillaries  of  the  left  lobe;  another  turns  off  through  the  rig-ht  brau«lij 
(,),  ami,  joining  the  lilood  of  the  portal  vein,  circulates  through  the 
capillaries  of  the  right  lobe;  while  the  third  passes  through  the  dactiifl 
venosus  (j)  to  the  hepatic  vein  without  traversing  any   part  of  iha 
capillary  plexus. 

This  form  of  the  hepatic  circulation  continues  until  birth.  At  that 
time,  two  important  changes  take  place.  First,  the  placental  cin^uhi- 
tion  is  cut  off;  and  secondly,  a  much  larger  quantity  of  blood  than 
before  is  supplied  to  the  lungs  and  the  intestine.  The  superabundant 
blood,  previously  eircuinting  in  the  placenta,  is  now  diverttjd  to  the 
lungs;  while  the  intestiual  canal  Ihccomes  the  only  source  of  venuua 
supply  for  the  hepatic  blood.  The  following  changes,  therefore,  lake 
place  in  the  liver  (Fig.  245).  First,  the  umbilical  vein  shrivels  and, 
becomes  impervious.  It  remains  in  this  condition,  in  the  adult,  as  the 
round  lifiaittenf  {■.},  extending  from  the  iunur  surface  of  the  abdominal 
walls,  at  the  umbilicus,  to  the  longitudinal  fissure  of  the  liver  Secondly, 
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the  ductus  venosus  is  also  obliterated.  Thirdly,  the  blood  outering  the 
liver  by  the  portal  vein  (,)  passes  by  its  ri^ht  branch,  as  before,  to  the 
riffbt  lobe.  But  in  its  loft  branch  (/)  the  course  of  thi»  blood  is  reversed. 
This  was  formerly  the  ri^ht  branch  of  the  unihilical  vein,  ita  blood 
pa^siDji:  from  left  to  right.  It  now  becomes  the  left  braneh  of  the 
portal  vein  ;  and  ity  blood  passes  from  risrht  to  left,  for  distribution  to 
the  capillary  vessels  of  the  left  lobe. 

According  to  Guy.  the  umbilical  vein,  in  man,  Ih  completely  closed 
at  the  end  of  the  tifUi  day  after  birth. 

T^tf  Heart,  and  JJucfus  ArterioHUS. — When  the  embryonic  circulation 
is  first  established,  the  heart  is  a  straijrht  tubular  canal  (Fie.  24<;), 
receiving  the  veins  at  its  lower  extremity  and  givijig  off  an  artt-riai 
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tnmk  at  its  upper  extremity.  It  soon  afterward  beeomeB  1)ent  in  a 
aharp  curve  (Fig.  247),  which  lirinjrs  its  venous  and  arterial  extremities 
nearer  the  same  level;  but  in  such  a  way  that  its  venous  portion  is 
situated  behind,  and  its  arterial  portion  in  front.  It  has  still  a  single, 
undivided  cavity ;  and  tin*  blond  posses  through  it  in  a  continuous 
stream,  turning  upon  itself  at  the  point  of  curvature  and  emerging  by 
the  arterial  oritice. 

Subsequently  the  venous  extremity  of  the  heart  shows  a  longitudinal 
furrow  which  divides  its  originally  .single  cavity  into  two  secondary 
compartments,  placed  side  by  side.  These  compartments  become  the 
right  and  left  auricles;  and  they  are  furthermore  separated,  by  trans- 
verse constrictions,  from  the  curved  portion  of  the  heart,  which  is  to 
form  the  ventricles.  The  cavities  of  the  two  ventricles  become  sepa- 
rated from  each  other  by  the  growth  of  a  septum,  which  lH?gins  at  the 
most  prominent  part  of  the  curvature  or  apex  of  the  organ,  and  gradu- 
nally  extends  toward  its  base.  When  the  interventricular  septum  is 
completely  formed,  its  situatioD  is  indicated  by  a  corresponding  furrow 
on  the  external  surface  of  the  organ. 

The  primitive  atrterial  trunk,  spriniring  from  the  upper  extremity  of 
the  heart,  has  already  been  divided,  by  a  longitudinal  furrow,  into  two 
flMondary  trunks,  lying  side  by  side  and  nearly  parallel  with  each  other 
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(Pig.  248).  One  of  these  secondary  trunks  becomes  the  commencement 
of  the  aorta,  the  other  the  pulmonary  artery ;  and  the  relation  of  the 
furrow  between  them  to  the  interventricular  septum  is  such  that  the 
aorta  communicates  with  the  left  ventricle,  and  the  pulmonary  artery 
with  the  right.  v 

But  the  pulmonary  artery,  beside  supplying  small  branches  on  each 
side  to  the  lungs,  also  furnishes  a  large  branch  of  communication  to  the 
arch  of  the  aorta  beyond.  This  branch  is  so  voluminous  that  it  appears 
to  be  the  main  continuation  of  the  pulmonary  trunk.  It  forms,  accord- 
ingly, an  open  canal  or  duct  between  the  two  principal  arteries  nearest 
the  heart,  and  is  known  by  the  name  of  the  Ductus  arteriosus. 

The  ductus  arteriosus  is  at  first  almost  as  large  as  the  pulmonary 
trunk;  and  nearly  the  whole  of  the  blood  from  the  right  ventricle 
passes  through  it  to  the  aorta,  only  an  insignificant  quantity  being 
distributed  to  the  lungs.  But  as  the  lungs  become  developed,  the 
pulmonary  branches  increase  in  size,  though  not  sufficiently  to  receive 
all  the  blood  of  the  pulmonary  trunk.  At  the  termination  of  foetal 
life,  in  man,  the  ductus  arteriosus  is  about  as  large  as  either  of  the 
pulmonary  branches;  and  a  considerable  portion  of  the  blood,  there- 
fore, coming  from  the  right  ventricle,  still  passes  onward  to  the  aorta 
without  being  distributed  to  the  lungs. 

But  at  birth,  when  the  lungs  begin  the  performance  of  respiration^ 
they  receive  a  greater  supply  of  blood.  The  right  and  left  pulmonary 
branches  enlarge,  so  as  to  become  the  principal  divisions  of  the  pul- 
monary trunk  (Fig.  249).     The  ductus  arteriosus  at  the  same  time 

diminishes  in  size,  and  is  soon  obliterated. 
It  remains,  in  the  adult,  as  an  impervious 
cord,  running  from  the  bifurcation  of  the 
pulmonary  artery  to  the  under  side  of  the 
arch  of  the  aorta.  The  obliteration  of 
its  cavity  is  usually  completed  by  the 
tenth  week  after  birth.  (Guy.) 

The  interventricular  septum,  by  which 
the  two  ventricles  are  separated  from 
each  other,  is  formed  at  an  early  date; 
but  the  interauricular  septum  remains  for 
a  long  time  incomplete,  being  perforated 
by  an  oval-shaped  opening,  the  foramen 
ovale,  which  allows  a  free  passage  from 
the  right  auricle  to  the  left.  The  exist- 
ence of  the  foramen  ovale  and  ductus 
arteriosus  gives  rise  to  a  peculiar  crossing  of  the  streams  of  blood 
in  the  heart,  characteristic  of  foetal  life,  as  follows : 

In  the  fcetus  the  two  venae  cava;  open  into  the  right  auricle  on  dif- 
ferent planes  and  in  different  directions.  While  the  superior  vena  cava 
is  situated  anteriorly,  and  is  directed  downward  and  forward,  the  in- 
ferior is  situated  posteriorly,  and  joins  the  auricle  in  a  direction  from 
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right  to  left.  A  nearly  vertical  curtain  or  valve  projects  at  tho  same 
time  behind  the  orifice  of  the  su|»i'nor  vena  cava  and  in  front  of  the 
orifice  of  the  inferior.  This  curtain  is  formed  by  the  incomplete  septum 
of  the  flurirlfs,  which  terminates  inferiorly  find  toward  the  right  in  a 
creacentie  bonier,  at  the  foramen  ovale.  The  stream  of  blood,  coming 
from  the  superior  vena  cava,  falls  in  front  of  this  curtain,  and  passim 
do^vnward,  throiijrh  the  niiricnli>vpiitrie<dar  orifice,  into  the  rij^hl  ven* 
triele.  But  the  inferior  vena  cava,  owitij?  to  its  posterior  and  trans- 
verse  position,  opens,  properly  si>eaking,  not  into  the  right  auricle, 
but  into  the  left.  Its  stream  of  blood,  falling  Ixdiiud  the  abovi^-roen- 
tioned  curtain.  pa.«.«ie.>*  across,  through  the  foramen  ovale,  into  the  left 
auricle.  Thi^i  direction  of  the  cur- 
rent  from  the  inferior  vena  cava 
is  further  secured  by  a  second 
membronou.s  partition,  which  ex- 
ist.s  nt  this  period,  termed  the 
Etistacfnnn  valve.  This  valve, 
which  is  very  thin  and  trans- 
parent (^Fig.  250,/).  is  attached 
in  front  of  the  orifice  of  the  in- 
ferior ven.i  cava,  and  terminates 
by  a  cre.scentic  edge  toward  the 
left ;  thus  standing  between  the 
cavities  of  the  inferior  vena  cava 
and  right  auricle.  A  bougie,  placed 
in  the  inferior  vena  cava,  as  in 
Fig.  250,  lieu  behind  the  Eusta- 
chian valve,  and  pas.ses  through 
the  foramen  ovale,  into  tho  loft 
auricle. 

The  two  streams  of  blood,  there- 
fore, coming  from  the  sujierior  and 
inferior  ven»  cavte,  cross  each 
other  on  entering  the  heart. 
Owing  to  the  position  of  the  two 
veins  and  their  adjocent  valves,  tho  stream  coming  from  the  8up<Tlor 
vena  cava  enters  the  right  auricle,  while  that  from  the  inferior  pasijea 
tran.sverse|y  into  the  left. 

Tho  relations  of  the  aorta,  pulmonary  artery,  and  ductus  arteriosiis 
at  thi!*  time  are  such  that  the  arteria  innominata,  the  left  carotid  and 
left  sulxjlavian  arteries  are  given  off  from  the  arch  of  the  norta,  before 
the  junction  of  the  ductus  arteriosus;  and  thus  the  blood^^urrenls  of 
tho  two  venae  cavte  are  distributed,  after  leaving  the  ventricles,  to 
different  parts  of  the  body  (Fig.  251).  The  blood  of  the  superior 
vena  cavo  passes  throuch  the  right  auricle  into  the  right  ventricle, 
thence  through  the  pulmonary  artery  and  ductus  arterioaua,  to  the 
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thoracic  aorta;  while  the  blood  of  the  inferior  vena  cava,  enteriof^ Uk»j 
left  auricle  and  left  ventricle,  pastier  into  the  arch  of  the  aortn,  and  i» 
distributed  to  the  head  and  upper  limbs.     The  two  t?treams,  thereforr, 

in  passing  through  the  heart,  cross  eai'hi 
other  both  behind  and  in  front.     Th«| 
venous  blood,  returning  from  the  brad 
and  upper  limbs  by  the  ftup«Tlor  vena 
cava,  pas.ses,  through  the  thoracic  nnii 
abdominal  aorta  and  the  anibilieal  ar- 
teries,  to  the  lower  part  of  the  body, J 
and  to  the  placenta;  while  that  retorn-] 
ing  iTom  the  placenta,  by  the  inferior- 
Vina  cava,  is  distributed  to  the  head 
and  tipper  limbs,  through  the   vesijela 
given  off  from  the  arch  of  the  aorta. 

This  division  of  the  streanip  of  blood, 
during  a  certain  period  of  fatal  life.  i»j 
80  complete  that  Reid,*  on  inji'Cting  the 
inferior  vena  cava  with  red,  and  the 
superior  with  yellow,  in  a  human  foetus' 
of  si'ven   months,   found  that   the  red 
njection  had  passed  through  the  foramen  ovale  into  the  left  auridei 
id  ventricle  and  the  arch  of  the  aorta,  and  had  filled  the  vcsiielaof' 
the  head  and  upper  liinbs ;  while  the  yellow  had  passed  into  the  right  | 
ventricle,  pulmonary  artery,  ductus  arteriosus,  and  thoracic  aorta,  with 
only  a  slight  admixture  of  red  at  the  posterior  part  of  the  right  auricle. 
All  the  brauchea  of  the  thoracic  and  abdominal  uorta  were  filled  with 
yellow,  while  the  wliole  of  the  red  had  passed  to  the  upper  part  of 
the  Ijody. 

We  have  several  limes  repeated  this  ex}>eriment  on  the  foetal  pig,] 
when  about  one-half  or  three-quarters  grown,  first  washing'  out  the 
heart  and  large  vessels  with  a  watery  injection,  to  prevent  their  obstruct! 
tiou  by  coaguhitf'd  btood.     The  injections  used  were  blue  for  the  gu}ie- 
rior  vena  cava,  and  yellow  for  the  inferior.     The  two  syringes  were  J 
managed,  at  the  same  time,  by  the  right  and  left  handa;  their  nozzles  j 
lx>ing  held  in  place  l;y  an  assistant.     When  the  points  of  the  syringes^ 
were  introduced  into  the  veins  at  etpml  distances  from  the  heart,  and 
the  two  injections  made  with  equal  rapidity,  it  was  found  that  at  least 
nineteen-tweutielhs  of  the  yellow  injection  bad  passed  into   the  leftl 
auricle,  and  niueleen-twentieths  of  the  blue  into  the  right.     The  pul-' 
nionary  artery  and  ductus  arteriosus  conlaiaed  a  similar  proportion  of 
blue,  and  the  arch  of  the  aorta  of  yellow.     In  the  thoracic  aorta,  how-! 
ever,  there  was  always  an  admi.xturc  of  the  two  colors,  generally  inj 
about  equal  proportions.    This  may  be  owing  to  the  smaller  size  of  thcj 
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head  and  upjier  extremities  in  the  pig,  as  compared  with  the  human 
fuBtus,  which  would  preveul  their  receiving  ail  the  blood  eoniiiig  from 
the  left  vcutrick- ;  or  to  some  difference  in  the  omnipulation  of  these 
experiments,  in  which  it  is  not  always  easy  to  imitate  the  force  and 
rapidity  of  the  blood  currents  in  the  living  bod>'.  The  results,  however, 
leave  no  douht  that,  up  to  an  advanced  stage  of  fcetal  life,  most  of  Lhi» 
blood  from  ihv  inferior  vena  cava  passes  through  the  foramen  ovale  into 
the  left  !?ide  of  thi-  heart ;  while  most  of  that  coming  from  the  head  and 
upper  limbs  paisses  into  the  right  side  of  tbc  heart,  and  thence  outward 
by  the  pulmonary  trunk  and  ductuf*  arteriosus.  Toward  the  latter 
periods  of  gestation,  this  division  of  the  venous  currents  becomes  less 
complete,  owing  to  the  following  causes : 

First,  the  two  pulmonary  arteries,  as  well  as  the  pulmonary  veins, 
enlarge  in  proportion  to  the  increased  «ize  of  the  1nng8;  and  a  greater 
qaantity  of  blot)d  from  the  right  ventricle,  instead  of  pas^ng  through 
the  ductus  arteriosus,  is  distrilmted  to  the  lungs,  and,  returning  thence 
to  the  left  auricle  and  vcnlriclo,  juiri:^  the  stream  pa?i»>ing  out  by  the  arch 
of  the  aorta. 

Secondly,  the  Eustnrhiun  valve  (iiniinish«'s  in  size.  This  valve,  which 
is  very  large  at  the  end  of  the  sixth  month,  subsequently  becomes  atro- 
phied, and  at  the  end  of  gestation  is  too  small  to  exert  any  influence  on 
the  current  of  the  blood.  Thus,  the  cavity  of  the  inferior  vrna  cava, 
at  its  upper  extremity,  ceases  to  bo  separated  from  that  of  the  right 
auricle. 

Thirdly,  the  foramen  ovale  liecomes  partially  closed  by  a  valvular 
partition  growing  from  behind  forward.  This  valve,  wdiich  begins  to 
be  formed  at  a  very  early  period,  is  the  valve  of  the  fornmen  wxile.  It  is 
a  thin,  fibrous  sheet,  attached  to  the  posterior  surface  of  the  auricular 
cavity  a  little  to  the  left  of  the  foramen  ovale,  and  projecting  by  its  free 
border  into  tbc  left  auricle.  It  accordingly  does  not  interfere  at  this 
time  witb  the  flow  of  blood  from  right  to  left,  and  only  prevents  regur- 
gitation from  left  to  right. 

But  as  gestation  advances,  while  the  heart  continues  to  enlarge,  and 
its  cavities  expand  in  every  direction,  the  fibrous  bundles,  furmiug  the 
valve  do  not  elongate  in  projxirtion.  The  valve,  accortJingly,  Ix'comes 
drawn  down  more  closely  across  the  foramen  ovale.  It  thus  comes  In 
ooDtact  with  the  inter-auricular  septum,  and  unites  with  its  substance; 
the  adhesion  taking  plaw  first  at  its  lower  and  posterior  portion,  and 
extending  gradually  upward  and  forward,  so  that  the  passage  from  the 
right  auricle  t<i  the  left  becomes  more  oblique. 

At  the  same  time  the  inferior  vena  cava  aJt<?r8  hs  position,  This 
vessel,  which  at  first  looked  transversely  toward  the  foramen  ovale, 
turns  partialis  forward ;  and  as  the  Eustachian  valve  has  now  nearly 
disappeared,  some  of  the  blood  from  the  inferior  vena  cava  enters  thft 
right  auricle,  while  the  remainder  still  paaws  through  the  foramen 
ovale. 
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At  birth  a  change  takes  place,  by  which  the  foramen  ovale  te 
pletely  occluded,  and  all  the  blood  coming  through  the  iuferior  re 
<:ava  is  turned  into  the  right  auricle. 

This  change  dependhs  on  the  commencement  of  respiration,  by  wl 
the  quantity  of  blood  pastiiu^r  through  the  lungs  is  lorgoly  increase 
Tht*  loft  auricle,  thus  supplied  to  its  full  capacity  with  blood  returail 
from  the  lungs,  no  longer  admits  tho  entrance  of  a  further  quantit 
through  the  foramen  ovale ;   and  tho  valve  of  tho  foramen,  prese 
backward  against  tho  septum,  becomes  after  a  time  adherent  tbrou^li 
out,  and  obliterates  the  opening.     The  cutting  off  of  the  placental 
culatiou  also  diminishes  the  volume  of  blood  in  the  inferior  vena  can 
It  is  evideut  that  the  same  quantity  which  previously  returned  fr 

Fio.  252, 


DusiAllorTftR  Art-i.T0iKciTi^TioXTUROUGU  THK  HKAitT.— <i,  A.  Superior  und  inferior  mm 
CAVK.    h.  Rlglil  vciitrirle.    r.  Pulmonary  nrUtry,  dividing  into  right  and  Ira  brsAcbes.    4. 
luonary  yoia.    e.  lA^tl  ventricle.   /.  Aorta. 


the  placenta  by  the  inferior  vena  cava  on  the  right  side  of  the  int 
auriculur  septum,  now  retu^n^^  from  the  lungs,  bj  tho  pulmonary  veini 
on  the  left  jside  of  the  same  septum ;  and,  the  pressure  l>eing  xh\ 
eqnalixed  in  the  right  and  loft  auricleg,  there  is  no  mixture  of  Ibe  Wc 
between  the  two. 

Thu  ftetul  tirculation  U  then  replaced  by  the  adult  circulation,  rcpr 
eented  in  Fig.  252. 

That  portion  of  tho  inter-auriculnr  septum,  originally  occupied  by  tl 
foramen  ovale,  18  accordingly  formed,  after  birth,  hy  the  valve  of  thil 
foramen,  which  has  bfcoinc  adlitTtMit  to  its  e<lge8.     Thv  septum  in  the 
adult  heart  is  thinner  at  this  spot  than  elsewhere ;  and  presents,  on  its 
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right  side,  an  oval  depression,  termed  the  fo»m  oralis,  indicating  the 
site  of  the  original  foramen  ovale.  The  fossa  ovalis  is  surrounded  by  a 
slightly  raised  ring,  the  annulus  ovalu,  representing  the  edge  of  the 
original  inter-auricular  septum. 

The  foramen  ovale  is  sometimes  completely  obliterated  within  a  few 
days  after  birth,  but  often  continues  partially  pervious  for  several  weeks 
or  months ;  and  it  is  not  unfrequent  to  find  a  small  apctrture  remaining 
in  adult  life.  In  these  instances,  although  the  consolidation  of  the  inter- 
auricular  septum  is  incomplete,  yet  no  admixture  of  blood  takes  place 
between  the  two  sides  of  the  heart.  The  oblique  direction  of  the  pas- 
sage and  its  valvular  arrangement  prevent  any  regurgitation  from  left 
to  right ;  and  the  complete  filling  of  the  left  auricle  with  blood  from 
the  lungs  is  a  sufficient  obstacle  to  the  entrance  of  venous  blood  from 
the  right. 


CHAPTER  XVII. 
DEVELOP 3fEI^T  OF  THE  BODY  AFTER  BIBTH. 

THE  newly-born  infant  is  still  far  from  a  condition  of  complete  de- 
velopment. The  changes  through  which  it  has  passed  in  foetal  life 
are  followed  by  others  during  infancy,  childhood,  and  adolescence. 
The  anatomy  of  the  organs,  their  physiological  functions,  and  even 
the  morbid  derangements  to  which  they  are  subject,  continue  to 
undergo  progressive  alterations  throughout  the  whole  course  of  sub- 
sequent life.  The  history  of  development  extends,  properly  speaking, 
from  the  earliest  organization  of  the  embryonic  tissues  to  the  complete 
formation  of  the  adult  body.  The  period  of  birth  is  only  a  single 
epoch  in  a  long  series  of  changes,  some  of  which  have  preceded,  while 
many  others  are  to  follow. 

The  weight  of  the  newly-born  infant  is  about  seven  pounds.  The 
middle  point  of  the  body  is  nearly  at  the  umbilicus,  the  head  and  upper 
limbs  being  still  large,  in  proportion  to  the  lower  limbs  and  pelvis. 
The  abdomen  is  larger  and  the  chest  smaller,  in  proportion,  than  in  the 
adult.  The  lower  limbs  are  still  partially  curved  inward,  so  that  the 
soles  of  the  feet  look  obliquely  toward  each  other,  instead  of  being 
directed  horizontally  downward,  as  at  a  subsequent  period.  The  arms 
and  legs  are  curled  forward  over  the  chest  and  abdomen,  and  all  the 
joints  are  in  a  semi-fle.ved  position. 

The  process  of  respiration  is  imperfectly  performed  for  some  time 
after  birth.  The  expansion  of  the  pulmonary  vesicles,  and  the  accom- 
panying changes  in  the  circulation  at  birth,  far  from  being  instanta- 
neous, are  more  or  less  gradual,  requiring  an  interval  of  several  daysi 
for  their  completion.  Respiration  seems  to  be  accomplished,  during 
this  period,  to  a  considerable  extent  through  the  skin,  which  is  soft, 
vascular,  and  ruddy.  The  animal  heat  is  less  actively  generated  than 
in  the  adult,  and  requires  to  be  sustained  by' careful  protection,  and 
by  contact  with  the  body  of  the  mother.  The  young  infant  sleeps 
during  the  greater  part  of  the  time ;  and  when  awake  exhibits  but 
few  manifestations  of  intelligence  or  perception.  The  special  .senses 
are  comparatively  inexcitable,  and  even  consciousness  seems  present 
only  to  a  limited  extent.  Voluntary  motion  and  sensation  are  nearly 
absent ;  and  the  almost  constant  irregular  movements  of  the  limbs, 
observable  at  this  time,  are  mainly  automatic.  Nearly  all  the  nervous 
phenomena  presented  by  the  newly-born  infant,  are  of  a  similar  nature. 
The  motions  of  its  hands  and  feet,  the  act  of  suckling,  and  even  its 
cries  and  the  contortions  of  its  face,  are  reflex  in  origin,  and  do  not 
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indicate  any  active  volition,  or  distinct  perception  of  external  objects. 
There  is  but  little  nervous  connection  with  the  external  world,  and  the 
system  is  occupied  almost  exclusively  with  the  functions  of  nutrition 
and  respiration. 

The  difference  in  organization  between  the  newly-born  infant  and 
the  adult  is  represented,  to  some  extent,  in  the  following  list,  which 
gives  the  relative  weight  of  the  most  important  organs  at  the  period 
of  birth  and  in  adult  age ;  the  weight  of  the  entire  body  being  reck- 
oned, in  each  case,  as  1000.  The  relative  weight  of  the  adult  organs 
is  calculated  from  the  estimates  of  Cruveilhier,  Solly,  and  Wilson,  that 
of  the  organs  in  the  foetus  at  term  from  our  own  observations : 


Foetus  at  XfTta. 

Adult 

entire  body    . 

.     1000.00 

1000.00 

enoeplialon     . 

.       148.00 

23.00 

liver 

87.00 

29.00 

heart 

7.77 

4.17 

kidneys  . 

6.00 

4.00 

snprn-renal  capsules 

1.68 

0.18 

thyroid  gland 

0.60 

0..51 

thymns  gland 

8.00 

0.00 

It  appears  that  most  of  the  internal  organs  diminish  in  relative  size 
after  birth,  owing  principally  to  the  increased  development  of  the 
osseous  and  muscular  systems,  both  of  which  are  very  imperfect 
throughout  intra-uterine  life,  but  come  into  activity  during  childhood 
and  youth. 

The  remains  of  the  umbilical  cord  begin  to  wither  within  twenty- 
four  hours  after  birth,  and  become  completely  desiccated  by  about  the 
third  day.  A  superficial  ulceration  then  takes  place  at  its  point  of 
attachment  and  it  is  thrown  off  within  the  first  week.  After  separa- 
tion of  the  cord,  the  umbilicus  becomes  completely  cicatrized  by  the 
tenth  or  twelfth  day.     (Guy.) 

An  exfoliation  and  renovation  of  the  cuticle  takes  place  over  the 
whole  body  soon  after  birth.  According  to  KoUiker,  the  eyelashes, 
and  probably  all  the  hairs  of  the  body  and  head,  are  thrown  off  and 
replaced  by  others  within  the  first  year. 

The  teeth  in  the  newly-born  infant  are  but  partially  developed,  being 
still  enclosed  in  their  follicles  and  concealed  l)eneath  the  gums.  They 
are  twenty  in  numl)er,  namely,  two  incisor,  one  canine,  and  two  molar 
teeth  on  each  side  of  each  jaw.  At  birth  there  is  a  thin  layer  of  den- 
tine and  enamel  covering  their  upper  surfaces,  but  the  body  and  fangs 
of  the  tooth  are  formed  subsequently  by  progressive  elongation  and 
ossification  of  the  tooth-pulp.  The  fully  formed  teeth  emerge  from  the 
gums  in  the  following  order:  The  central  incisors  in  the  seventh  month 
after  birth;  the  lateral  incisors  in  the  eighth  month;  the  ant<'rior  molars 
at  the  end  of  the  first  year;  the  canines  at  a  year  and  a  half;  and  the 
second  molars  at  two  years  (Kiilliker).     The  eruption  of  the  teeth  in 
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the  lower  jaw  generally  precedes  by  a  short  time  that  of  the  correspond- 
ing teeth  in  the  upper  jaw. 

During  the  seventh  year  a  change  begins  to  take  place  by  which  the 
first  set  of  teeth  arc  replaced  by  the  second  or  iiermanent  set.  The 
anterior  permanent  molar  tooth  first  shows  itself  just  behind  the  po!i- 
tcrior  temporary  molar,  on  each  side.  This  happens  at  about  six  and 
a  half  years  after  birth.  At  the  end  of  the  seventh  year  the  middle 
incisors  arc  thrown  off  and  replaced  by  corresponding  permanent  teeth, 
of  larger  size.  At  the  eighth  year  a  similar  exchange  takes  place  in 
the  lateral  incisors.  In  the  ninth  and  tenth  years,  the  anterior  and 
second  molars  are  replaced  by  the  anterior  and  second  permanent  bi- 
cuspid teeth.  In  the  twelfth  year,  the  canine  teeth  are  changed.  In 
the  thirteenth  year  tho  second  permanent  molars  show  themselves ;  and 
from  the  seventeenth  to  the  twenty-first  year,  the  third  molars,  or 
"  wisdom  teeth,"  cmerg?  from  the  gums,  at  the  extremities  of  the 
dental  arch.  (Wilson).  The  jaw,  therefore,  in  the  adult  condition, 
contains  three  teeth  on  each  side  more  than  in  childhood,  making  ia 
all  thirty-two  permanent  teeth ;  namely,  on  each  side,  above  and 
below,  two  incisors,  one  canine,  two  bicuspids,  and  three  permanent 
molars. 

Tho  generative  apparatus,  which  is  inactive  at  birth,  begins  its  func- 
tional activity  from  the  fifteenth  to  the  twentieth  year.  The  general 
configuration  of  the  body  alters  at  this  iKjriod,  and  the  distinction  l)e- 
twecn  the  sexes  becomes  more  marked.  The  beard  is  develoi)od  in  the 
male ;  and  in  the  female  the  breasts  assume  the  size  and  form  charac- 
teristic of  puberty.  The  voice,  which  is  shrill  and  sharp  in  infancy 
and  ohiklhood,  becomes  deeper  in  tone,  and  the  countenance  assumes  a 
more  sedate  expression.  After  this  period,  the  muscular  system  in- 
creases still  farther  in  size  and  strength,  and  the  consolidation  of  the 
skeh'ton  also  continues;  the  bony  union  of  its  various  parts  not  beine 
entirely  accomplished  until  the  twenty-fifth  or  thirtieth  year.  Finally, 
all  the  organs  of  the  body  arrive  at  the  adult  condition,  aud  the  entire 
prjocess  of  development  is  then  complete. 
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by  the  intestinal  villi,  196. 
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Air  celln,  of  lungs,  '£U,  235. 
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of  the  Fallopian  tubes.  617. 
Albuminous  urine,  33-5. 
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action  (^f.  on  albuminous  ferments.  85. 
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different  parts  of.  137. 

development  of,  672. 
Alkalescence,  of  the  blood,  44. 223. 

of  urine.  310. 
Alkaline  fermentat  Ion.  of  the  urine,  339. 
Alkaline  phosphates,  44. 

carbonates,  46. 

animal  fluids,  44. 
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formation  of.  611, 642. 

physiological  action  of,  642. 

circulation  of,  690. 
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formation  of,  611. 

In  man.  61.5. 

contact  of.  with  chorion,  646. 
Amniotic  cavity.  611. 

enhiruement  of  during  pregnancy,  616, 616. 
Amnlolle  liuld.  616. 
Amniotic  folds,  611. 
Amorba,  220. 

movements  of.  221. 
Amcpbold.  movements  of  the  white  globtiles 

of  the  blfxMl,  LM). 
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Analysis,  of  animal  fluids,  31. 
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Aufriilar  convolution,  of  the  brain,  416. 
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Anterior  eliainb«r,  of  the  eveball,  522. 
Anterior  «M>liiinnB,  ofthe  spinal  cord,  38S. 

excitability  of.  S92. 

counec'tioti8  of.  with  brain,  386. 


Anterior  pymmldM. 

decuKsatlon  of,  385. 39; 


377. 


397. 
Annii,  formation  of,  iu  the  embryo,  621. 

imperforate,  673. 
Aoria,  formation  of,  in  the  embryo,  688, 691. 
Aphnsln,  432. 

amnesic.  432. 

atuxic,  433. 
AppnratnM,  circulatory,  274. 

reglstorine,  368. 

ferment.  3*5. 

for  measuring  duration  of  electric  spark, 
651. 
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673. 
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Aaneon*  hnmor,  522. 
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Area  pellneldn,  619,  626. 
Area  vanriilona.  63r).  6:%,  637. 
Arre»t,  action  of  4W.  .'"i<>7. 

of  heart,  by  galvanizing  the  pneumogastric 
nerve,  489. 
Arterial  drenlatlon,  285. 

development  of  690. 
Arterial  premtnre,  292. 
Arterial  piilNe.  286. 

traccM  of,  by  sphygmog^ph,  289, 290, 291. 

characters  of.  287. 
Arterlew.  285. 

movement  of  blt)od  in,  286. 

increased  curvature  of,  in  pulsation.  287. 

muscularlly  and  contractibillty  of,  500,601. 

rhythniicHl  contraction  of,  501. 

contraction  and  dilatation  of,  under  nerv- 
ous influence,  502. 

vitelline,  638. 

omphalo-mescnteric.  688. 

vertebral,  6ti8.  690. 

umbilical.  690. 
Artlenlailon.  conditions  of,  444, 445,  493. 

in  facial  jiaraly.«is,  473. 
Arytenoid  earttlHireM,  238. 
AaenriM  liimbrirolaeM.  .'■TS. 
AMparniTHM.  oflect  nf.  on  the  urine,  335. 
Ataxlariocdniotor.  408. 
Ataxic  (t|>ha.sia,  4:{:t. 

Atropine,  absorption  of,  by  the  cornea,  317. 
Atlltndo,  and  locomotion, influence  of  spinal 

cord  on.  406. 
Andltory  hairs.  560. 
Auditory  nerve,  477. 

origin  of  477. 

Shysi<ilopical  properties  of  478. 
istrilnniiin  of,  in  tliu  membranous  laby- 
rinth. 54iO. 
Andltory  Npots,  in  membranous  labyrinth, 

.W). 
Anrl««Hlo>Tentrlenlar  valvexi.  275,  276. 
AxIm.  ccrcbro-spinal.  .structure  of.  378. 
Axis  r.vllnder.  of  nerve  fibres.  Mo,  346. 
Acyi^iiM  velnM,  formation  of,  6m. 

Barter  I  a.  .'>8n. 

Bai'terinm  termo,  in  putrefaction,  78,  580, 

.5S1, 
Base,  of  brain.  377. 

of  crura  cerebri,  471. 
BollRdoiina,  action  of,  on  the  iri.s.  317. 
Bile.  174. 

coloring  matters  of,  98,  99,  177. 

Hpectnim  of.  100. 

ort'ftnic  .suits  of.  108. 

pliysit-nl  profK-rtiesand  composition  of,  177. 

sci'Vctiiiii  and  discharge  of,  180. 

daily  cnmiitity  of.  IW. 

plivsioloiru-iirnction  of  183. 
Bile  dnctN,  capillary,  177. 


Bile  testa,  Gmelln's,  17R. 
Biliary  salts,  108. 

formation  of,  llo. 

Pettenkofer'B  test  for,  110. 

in  bile.  179. 

reacticm  of,  with  gastric  Jnloe,  18(. 

disappearance  of  in  the  Intestine.  1^ 

presence  of.  in  the  urine.  334. 
Biliary  flstala.  179, 180, 18S,  184, 185. 
Blllrnblne,98, 177. 
Blllverdlne.9».177. 

spectrum  of,  100. 

production  of.  (h)m  bilinibine,  101. 
Blnoenlar  vision.  546. 
Bi  phosphate,  acid,  of  the  urine.  45.  S29. 
Blailder,  gall,  as  a  receptacle  for  the  bile,  VSd, 
181. 

contraction  and  eracnatioii  oL  in  digei- 
tion,  182. 
Bladder,  urinary,  as  a  resenroir  for  the  uiine. 
410. 

contraction  and  evacuation  of,  410. 411, 412: 

development  of,  in  the  embryo.  676. 
Blastoderm.  618, 625. 

external  and  internal  layers  of,  61& 

intermediate  layer  of,  619. 

formation  of,  in  fowl's  ef^g,  624. 

extension  of.  in  Incubation,  6aS. 

folds  of,  628. 
Blastodermic  layers,  618,619. 

formation  of,  624. 627. 
Blind  spot,  in  the  eye,  529. 

illustration  of.  530. 
Blindness,  unilateral,  trova  lesions  of  the 
brain.  430.  431.454. 

from  lesion  of  the  optic  nerve,  453, 4M. 
Blood.  212. 

diagnosis  of.  218. 

plasma  of,  221. 

coagulation  of,  224. 

quantity  of,  in  the  body,  230. 

cnanges  in,  by  respiration,  251. 

temperature  of,  2.>9.  265. 

cooling  of,  in  lungs  and  skin,  268. 

circulation  of  274. 

formation  of.  in  the  embryo,  635. 
Blood  enrrent,  rapidity  of,  In  arteiica,  298. 

in  veins,  297. 

in  capillaries,  300. 
Blood  Klobnies.  red.  212. 

physical  properties  of,  212. 

structure  of,  214. 

alteration  of.  by  tle.siccatlon,  214. 

by  imbibition  of  water,  214. 

by  ucid  and  alkaline  tioiutions,  215. 

conipositirm  of  215. 

characters  of  in  man,  213. 

in  aniiimls,  216. 

physiological  l^iuction  of,  219. 

in  urine,  337. 
Blood  irlobnies.  white.  219. 

ama'boid,  movements  of.  230. 

pliysiological  functions  of,  'J21. 
B1o<m1  preasnre,  in  the  auricles  and  vea- 
tricies,  285. 

in  the  arlcnes.  292. 
Blood  stains,  recognition  of.  218. 
Blood'veNNelN,  muscularity  and   contract- 
ility of  .'KW. 

iiiHiience  of  sympathetic  nerve  on,  502. 

tonic  contraction  of,  506. 

reflex  contraction  and  dilatation  of,  507. 

development  of,  in  the  embryo,  €35. 

of  the  chorion,  647. 

of  the  i>lacenta,  6!u,  CSS. 
Body,  of  the  uterus,  590. 
Bonf>w.  composition  of,  38. 

os^iiication  of,  40,  644,706. 
Brain.  37.'>,  413. 

of  alligator.  375. 

hnniun,  376. 

m  vertical  section.  379. 

coiuu'Ctions  of  spinal  cord  with,  385. 

fissures  and  convolutions  of  413,  414. 

centres f >r  motions  and  sensation  in,  426, 430. 

bi».sc  of.  377. 

formation  of,  in  the  embryo,  667. 
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Bread.  124. 

Brond  IlKmnents.  of  the  uterus,  685. 

Bronrbi,  division  of,  2S1.  2fl5. 

Bronehlnl  tiibeii.  ultimate,  285. 

Brnnner'a  slands,  IbS. 

Bnlb.  olfactory,  4iA. 

Butter,  12t. 

Bntyrlne,  124. 

Canal,  alimentary,  196. 

development  of,  672. 

tcnirof.  of  spinal  cord.  374. 

mediillarT,  ill    tlie   embryo,  620, 680,  631, 
6«7. 

Of  retlt,  523. 

ofSchlcmm,620. 
Canais,  of  Cavier,  602. 

semicircular.  630. 
Cane  sasar.  &9. 
Capillary  blood-venaels*  297. 

of  tbo  liitestinal  villi,  190. 

absorption  by,  198. 

movement  of  the  blood  In,  800. 

of  the  lungii,  2%. 

of  the  pia  mater,  296. 

of  tlie  chorion  and  i>lacenta,  657. 
Capillary  circalailon.  207. 

in  web  of  frog'4  foot,  300. 

cau^C!*  of,  901. 

rapidity  of,  302. 

local  variations  of,  304. 
Capillary  plexnw.  299. 
CaiMiile,  internal,  378, 417,  421, 43L 

external,  417. 
Caput  coll,  formation  of,  673. 
Carbo-taydratea.  49. 

in  the  food,  52. 54,  liU 

insufficient  for  nutrition.  121. 

daily  consumption  of.  132. 

digestion  and  absorption  of,  172,  203. 
Carbon,  in  organic  sunsianccs.  33,  40. 

daily  consumption  of.  132. 
Carbonate,  ammonium,  from  dccomposltiou 
of  urea.  ll.'>. 

in  decomposing  urine,  310. 
Carbonate*!,  lime  and  magnesium.  41. 
Carbonate*.  Kodium  nnd  {Miiassiium.  46. 
Carbonle  acid,  deoxidatiou  of,  by  planta, 

iV). 
quantity  of,  in  the  atmosphere,  SO. 
produced  from  fermentation  of  glucose.  57. 
exhaled  in  the  breath.  I;i4. 
produced  in  respiration,  242. 

§uniitlty  uf,  exhaled  per  hour,  243. 
ischarged  by  the  kidiiey.«and»kin,243.214. 
effect!"  of,  on  respiration.  216. 
pro|W)rtlon  of,  to  oxygen  uwed  in  respira- 
tion, 248. 
exhalation  of,  from  the  blood.  253. 
ciin<lition  of.  in  the  blood,  2.VL 
source  of.  in  the  tissues.  2.V). 
discharge  of,  by  fowl's  egg,  in  incubation, 
611. 
Cardiac  circnlatlon.  274, 275, 276. 

in  the  ftrtus,  CiOS.  CM,  700. 
Cardiograph.  -J8:<. 
Cardioffrnphir  trace.  2M. 
CartkiltlHrierleii,  formation  of,  in  thccm- 

br\o.  (Wl. 
Canelne.  SI. 
CalalyMlH,  76. 

Catoptric  ImnKeM.  in  the  eye.  Ml.  M2. 
Cauunte  nncleiiM,  of  the  corpus  striatum. 

4  «■>. 
CcIIn,  nt-rve.  356. 

pynimi<l)il.  in  brain,  418. 
giant.  119.  4-.'9. 
of  thecerelicllum.  43.V 
of  the  symi>aihetlc  Kmiglla,  496. 
Cellnlowe.  of  suirch.  .M. 
Centre.  n>>rvous.  delliiilion  of.  3.)9. 
Centr«>.of  liinguage  in  cerebral  convolutions, 
4:W. 
of  rc-niratlon  in  medulla  oblongata.  441. 
of  vision  in  angular  convolution,  43!>  ; 

CentriHi.  motor,  in  cortex  of  brain,  426, 427, 
429, 4J0.  I 


Ccntriniiral  and  centripetal  degencratioa 

of  divided  nerve  fibres,  888.  a»0. 
Cereal  jrral  un.  composition  of,  125. 
Cerebennm.  376.435. 

peduncles  of,  377.  878,  886,435. 

convolutions  of,  485. 

physiological  properties  of.  435 

effects  of  i:ijury  or  removal  of,  436. 

development  of.  668. 
Cerebral  ipinirlia.  376. 
Cerebral  ve«leles,  in  the  embryo,  668. 
Cerebri  ne.  106. 
Cerebrospinal  azln.  ntmcture  of,  378. 

formation  of,  in  the  embryo,  C20, 680, 631, 
632. 
Cerebrnm.  375. 376. 

vertical  section  of.  370. 

Assures  and  convolutions  of.  413,  414. 

centres  of  motion  and  sensation  ln,426,430. 

development  of,  Mi?. 
Cervical  archca.  690. 
Cervical  enlargement,  of  spinal  cord, 

375. 
Cervical  flsunrea,  677. 
Cervix  nteri.  501. 

in  pregnancy.  6«it. 

in  the  foetus,  686. 
CbalaBK.  588. 

Cbalaaiferons  membrane.  588. 
Channel*,  for  KMisatiun  and  motion  in  the 

spinal  cord.  392. 
Cheese,  124. 

Cheat,  movements  of,  in  respiration,  236. 
Chlaama.  of  the  optic  nerves,  440,  451,  452, 

4.'>3,  451. 
Chick,  development  of,  626. 
Chloride,  sodium,  41. 

in  the  body,  42. 

in  the  food,  42. 

uscftilness  of  42. 

discharge  of,  43. 

in  the  urine.  330. 
Chloride,  potassium,  48. 
Chlorophvlle.  103. 

action  or  in  plant*,  CO,  104. 
Choleaterlne.  71. 

in  the  bile,  72. 

physiolngicnl  relations  of,  72. 
Cholic  acid,  108, 109. 
Chondrlne.  K). 
Chorda  doraalis.  620.  633,  684. 
Chor«la  lymnanl.  470. 

intluenceot,  on  circulation  and  secretion, 
476. 

on  the  tcntic  of  taste.  477. 
ChordK  «-ocalea,  movement  of,  in  respira- 
tion. ■£]». 

action  of.  in  the  formation  of  the  voice,  4S6. 
Chorion.  645.  646. 

vlllositles  f)f.  647. 

blood-vesM'ls  of.  617. 

oflice  of.  in  formation  of  the  placenta,  656. 
Choroid  coat,  of  the  eyeball,  £20, 521. 
Chyle.  172. 

oily  grannies  of,  r.6, 67, 197. 

composition  of,  :i20. 
Cicada  aeplendeclm.  5?2. 
Cleat  ricula.  of  the  fowrii  egg,  587, 628. 

segmentation  of.  021. 
Ciliary  lMNly..v.>l. 
Ciliary  mnacle.  .'121.  .%43. 
Ciliary  proceaaea.  521. 
Ciliary  nerves.  497. 
Circnlatlon.  of  the  blood,  274. 

thnMigh  heart  and  lungs,  275, 27S. 

arterial.  2K"i. 

venous.  29.'). 

capillary,  297. 

feneral  rapidity  of.  803. 
nlliicnce  of,  on  local  temperature,  267. 
intlucncc  of  sympathetic  nerve  on, 502: 
vitellinp,  t'S7. 
placental.  CS8. 
adult.  tHiO. 
Clrcnlatory  apparaln«,274. 

development  ot,6!>7. 
Clanstrnm,  417. 
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Clot,  of  coagulated  blood.  225. 

in  ruptured  Uraafiau  follicle,  609. 
Coairnlablllty,  of  albumenoid  subatances, 

75, 
of  the  yellow  and  white  yolk,  623. 
<^aKulKtlon,  75. 

o7  albumen.  80. 

of  caaeine.Sl.  124. 

of  paraglobuline.  81. 

of  nbrinogeu,  82. 

of  milk,  124. 

of  myosine,  83. 

of  peptone.  81. 

of  the  blood.  224. 

of  menhtrual  blood,  607. 
C^rblea.  56.3. 

physiological  notion  of,  565. 
Coldj.  resistance  to.  by  animals,  270. 

effect  of,  when  excessive,  269. 
Color  I  na:  mn  tiers,  92. 

of  the  Dlood,93. 

of  the  hair  and  skin,  98. 

of  the  bile,  98.  99. 

of  the  urine.  101. 

of  green  plants.  103. 

of  the  retina.  534. 
<^liiinn.  vertebral,  formation  of,  633.  G3!i. 
Colnmns,  of  the  spinal  cord.  375, 382. 

anterior.  388,  392. 

lateral.  883,  387,  391.  392. 

posterior.  381,  387,  391. 

of  Clarke,  382. 

of  ftoll.  408. 

of  Tarck,  895. 
CommlNSure.  anterior,  of  brain.  420. 

gray,  of  spinal  cord.  374.  882. 

white,  of  spinal  cord,  374,  383. 
(^mpOMition.  of  Fehling's  liquor,  56. 

of  albumenoid  substanct's,  73. 

of  albumen.  74. 

of  melanine,  98, 

of  chloropliylle,  103. 

of  milk,  123, 

of  butter,  124. 

of  the  cereal  grains,  125. 

of  bread.  126. 

of  meat,  126. 

of  egga,  127. 

of  potatoes,  128. 

of  beans.  128. 

of  the  daily  food,  130, 132. 

of  starch,  130. 

of  fat,  ISO. 

of  saliva.  143. 

of  gastric  juice.  155. 

of  pancreatic  juice,  167. 

of  bile,  179. 

of  intestinal  juice,  190. 

of  rc"l  blodd-clobuies,  215. 

of  blood  plasma,  221. 

of  atmospheric  uir,  240. 

of  lymph,  319. 

of  Iviiipli  and  chyle,  320. 

of  the  urine,  .327. 
Con)reni:«l    dlaphrRfftnntic  hernin, 

6"ti. 
Coniroiiitnl  Inguinal  hernia.  684. 
Congenital  umbilical  hernia.  674. 
CongreNtion.  vascular,  from  division  of  sym- 
pathetic nerve,  o«2. 
Conen.  and  rods,  of  Ujc  retina,  527,  528. 
Conntrlctioiis    of   Kauvler,    in    nerve 

fibres.  ;«(•>. 
ConvoliitionM,  of  the  cerebral  hemispheres, 
370,  371).  413.  414. 

gray,  substance  of,  418. 

structure  of,  in  special  regions,  419. 

first,  second,  and  third  frontal,  415. 

anterior  and  posterior  central,  416. 

supra-marginal,  416. 

angular.  416.  430,  431. 

temporal,  416. 
Cookinir.    effect   of,  on    albumenoid    sub- 
stances, 76. 

on  bread,  12.3. 

on  meat.  127. 

on  vegetables,  128. 


CoSrdla«tlon,of  muscular  pover.fii  Bpiaal 
cord.  407. 

In  cerebellum.  438. 
Cord,  spinal,  S74.  S81. 

grav  snbsUnce  of.  874.  . 

white  substance  of,  375, 8S2. 

columns  of.  375. 

arrangement  of  gray  and  white  substance 
in,  881. 

gray  substance  of,  S81. 

transverse  aectioiu  of,  374,  882,  883.  396. 
408. 

connectloni  ot  with  brain,  885. 

transmission  of  motor  and  sensltlTe  im- 
pulses in,  870. 887. 890, 892. 

sensitive  and  excitable  parts  of,  391. 

channels  for  sen!<atiou  and  motion  in,  393. 

crossed  action  of,  397. 

as  a  nervous  centre,  40t. 

reflex  action  of,  401. 406. 

influence  of,  on  attitude  and  locomotion, 
406. 

on  the  sphincter  muscles.  409. 

on  the  urinarv  bladder.  411. 

formation  of,  in  the  embryo,  687. 
Cord,  umbilical.  661. 

spiral  twist  of,  662. 

separation  of.  after  birth.  705. 
Cornea.  519.  620. 

inflammation  of.  after  division  of  trige- 
minus nerve.  466. 

development  of,  669. 
Corn  n  a.  of  the  uterus,  UN). 
Corona  radlata,  378. 
Corpora  Mtrlata.  376. 
Cor;M»ra  Wollliana.  681. 
CorpiiM  ralloanm.  378, 420. 
Cornns  Intenm.  608. 

ot  menstruation,  6US. 

of  pregnancy,  612. 

di-stinctions  between  them,  615b 
Corpn*  ■trlatnm.  376. 

caudate  nucleus  of,  416. 

lenticular  nucleus  of,  417. 
CortI,  organ  of,  564. 

fibres  of.  565. 

areh  of,  565. 
Cranial  nerves,  446. 
Creatine,  113. 

souree  of.  114. 

conversion  of.  114 
Creatinine.  114. 

in  the  urine.  329, 
Creinaster  muscle.  68i 
Crossed    action,   of   the    cerebro-spinol 
nerve-s  373. 

of  tlie  spinal  cord.  897. 

of  motor  and  sensitive  centres  in  the  brain, 
427.  480.  431. 

of  optic  nerves,  451. 

of  oculo  motorius  nerve,  466. 

of  patheticua  nerve.  4C>8. 

of  the  trigemiini."*.  4;f9. 

of  the  facial  nerve,  478. 

of  hypoglossal,  493. 
Crura  cerebri,  378,  386,  4201. 

base  of,  421. 

tegmentum  of,  421. 
CryMtalUne  lonN.  520,  523. 

refractive  power  of,  523. 

function  of.  in  vision.  524. 

change  of  form  of,  In  accommodation,  54L 

development  of,  669. 
Crystalllsable  nltroyenoas  malters, 

105. 
Crystals,  of  stearine  and  palmitine,  65. 

of  cholesterine.  71. 

of  hemoglobine,  93. 

of  chlorophvlle.  1H3. 

of  biliary  salts,  H)8. 

of  urea,  116. 

of  uric  acid.  3.32. 

of  sodium  urate.  337. 

of  oxalic  add.  339. 

of  ammonio-magneslan  phoitphate,  MD. 
Cnmnlns  prolij^rns,  602. 
Cuticle,  exfoliation  ot  after  birth,  706. 
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Enlarirein«at,  cerrical,  of  spinal  cord,  375. 

lumbar,  37r>. 
Entoderm,  0:28. 
EntOBoa,  reproduction  of.  573. 
EpideriniH,  exfoliation  of,  alter  birth,  703. 
EpldidymlB.  rm. 

formation  of,  (i»3. 

'  rlottla.  487. 


Eplcl 
Eplie 


EpllepHy .  nrum  injury  of  the  spinal  cord,  408. 
Epitheliam,  of  halivary  glandv,  141. 

deposited  fToni  saliva,  142. 

of  cantrlc  follicles,  l.'>l. 

of  intestinal  villi,  I'A  198. 

of  capillary  bluod-veiisels,  299. 
Eqnllibrlnni,  (sense  of,  jjG^. 
ErethlHm.  sexuul.  597. 
Ether,  elimination  of.  by  the  urine,  835. 
EuMia4«binn  tube,  r>5tt. 

valvt!.  6'.t9. 
Evacuation,  of  the  call  bladder,  in  diges- 
tion, 182. 

of  the  rectum  and  urinary  bladder,  409, 410. 
Exerement.  194. 
Excrementitioii*  mnttem,  32L 
Excretion,  324. 
Exfoliation,  of  the  hairs  and  cuticle,  aflcr 

birth,  7(U\ 
Exhaiat  Ion,  of  watery  vapor  from  the  lungs, 
38.  2t;>. 

from  the  skin.  <».  272. 

from  the  egK.  during  incubation,  643. 
ExoNniOMiH.  311. 
Expiration,  niovementi  of,  237. 
External  capsule,  of  cerebral  ItumiBphcrc, 

417. 
Eye,  519. 

inflammation  of,  aftersectionof  trigeminoa 
nerve,  466. 

development  of,  669. 
Eyeball,  519. 

immobility  of,  from  lesions  of  tlie  oculo- 
motorius  nerve.  4.'i6. 
EyelidN,  movement  of,  in  winlcing,  473, 474. 

development  of,  670. 

Face,  motor  nerve  of,  4RR. 

sensitive  nerve  of,  462. 
FaclHl  nerve,  468. 

origin  of.  468. 

hnuiche-s  and  distribution  of,  469. 

physiological  i>n>pertle>  of,  468. 

eflfecus  of  dividing,  470, 471. 

senslbilltj  of,  47  J,  47.-). 

coniniiinicatiousof,  in  aqueduct  of  Fallo- 
pius,  474. 

peripheral  and  central  lesions  of,  474. 

cro.'wed  action  of.  473. 
Facial  pnralyslN.  471,  472. 

from  ]ieripheral  and  central  lesions,  474. 

effect  of,  on  the  eyelids,  470. 

on  t  he  nostrili*,  470. 

on  the  lips,  471. 

on  the  ears,  471. 

on  the  features  and  oxpres.ilon.  471. 

on  drinking  and  ma&tication,  472. 

on  urticulution.  473. 

on  the  sense  of  tn."!te,477. 
Fallopian  taben*.  o'.K). 

development  of,  6W,  (M. 
Fat,  production  of,  from  .^tarL•h  a:id  sugor.  CS, 
I  JO. 

neci'^siirv  for  nutrition,  121. 

Manh  cliiiivalent  of,  1:{|. 

aridificHtion  of,  by  pancreatic  Juice,  87, 169 

dlifCNtion  of.  171. 

absorption  of  197. 

in  the  blood,  223. 
Fat  Kiobnlen.  6.'). 

of  chyle.  67. 197. 

of  milk.  f.7. 

In  liver  fells,  r>». 

In  degenerated  muscular  fibres.  68. 
FatN.  61. 

phvsical  properties  of,  62. 

oHkIu  of,  62. 

varieties  of  GA. 

emulsion  of  (>4. 


Fatm  saponiflcation  of.  64. 

condition  of.  in  living  body.  65. 

extraction  of,  66. 

proiluction  of,  in  the  body.  68. 

physiological  relations  oi.  7U. 
Fatty  defpeneratlon,  of  the  deoidua.  644. 
I        of  the  uterine  muscular  fibres,  after  deliv- 
ery, 66.">. 
I  FeatnreN,  deviation  of.  iu  facial  paralysis, 472L 
Feeen.  19L 

retention  and  evacuation  of,  409. 
Fecundation  of  the  egg.  ^i^-  Oi6, 616. 
Fehltnc**  teat,  fbr  glucose.  56. 
Female  ornns  of  areneratlon,  SUL 

of  ftog,  586. 

of  fowl.  588. 

of  pig.  590. 

human,  591. 
FencMtra  ovalla,  559. 

rotunda,  •V>9. 
Fermentation,  of  glucoee,  57,  6S. 

of  bread,  125. 

acid,  of  milk.  124. 

of  urine,  838. 

alkaline,  of  urine,  389. 
Ferment-apparains,      for      saccharine 

urine.  3ffi. 
FermentN.  characters  of.  75,  86. 

action  of.  in  digestion,  189. 

pancreatic.  86, 168. 
Ferroryanide.  potassium,  elimination  of, 

by  the  urine.  334. 
Fibre*.  ner\-e,  343. 
Fibrea  of  Cortl,  iGo. 
Flbrine.  82. 

ferment,  82, 87, 228. 
FlbrlnoiT^n.  82. 

In  blood  plasma.  222. 
Field  of  vialon.  .iSS. 
Finii  cranial  nerve,  4.50. 
Firat  pair  of  cranial  nerrea,  448. 
FiNanre.  of  Sylvius,  41S. 

of  Rolandr..  414. 

parietal,  414. 

pnccentral.415. 

frontal  in  clogs,  427. 
Flaanre  of  tlie  palate.  680. 
FlNaorca.  cervical,  in  the  embrvo.  677. 
Flaanrea  and  convolutions  of  the  cerebral 

hemisphere.",  414. 
FlNtnla.  gastric,  152. 

pancreatic,  166. 

duodenal,  180. 

biliury.  179. 182. 183, 185, 186. 

intestinal.  l^J,  191, 19S. 
Fixation,  point  of,  in  binocular  vision,  547. 
Flnida  of  the  bo<ly,  acid  aud  alkaline,  14. 

digestive,  ]8t»,  138. 

intemul  renovation  of,  823. 
Fliioreacence.  of  bile,  178. 
FoldN.  of  Uie  blastoderm,  62& 

amniotic.  641. 

visceral,  677.  690. 
Follielea.  salivary,  141. 

ga^trlc.  l.')l. 

of  Lieberk<lhn.  189. 

closed,  of  small  Inte-tlne,  195. 
Follielea.  Graatian.  08J,  601. 

rupture  ol.  602. 

in  menstruation,  603. 
Food.  119. 

c<)nipo.«.ition  of,  118. 120. 122. 123. 

daily  quantity  of.  129. 

under  dillerent  conditions  of  exercise,  181. 
132. 

influence  of,  on  the  urine.  46. 

on  production  ('f  urea.  116, 117. 

of  uHi;  acid.  118. 

on  .secretion  of  «.allva.  146. 147. 148. 

on  the  jirotlucts  of  re.«plnitiou.  24)». 

on  heat-production,  262. 
Foramen  ovale.  698. 

valve  of  701. 

occlusion  of,  703. 
Force,  nervous,  rapidity  of  transmission  of. 

366. 
Foa^a  ovalia,  703. 
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Fonrtti  enmlal  nerve.  457. 
Foven  eentrttlls,  5ai,  iOi. 

GalvnnlMin.  inflnencp  of.  on  muscles,  361. 

on  motor  nerves,  362. 
Oalvnnle  carrenia,  direct  end  inverse,  ac- 
tion of.  363. 
dmiKliH,  spinal,  874. 

olfactory,  375. 

optic,  876. 

cerebral.  370. 

sympathetic,  496. 498. 
ttnnirllon,  ophthalmic  457, 497. 

aa.«.seriHn.  -100. 

geiiii'iilatuui,  475. 

spbeno-tMlatine,  476,  497,  518. 

otic,  47."),  497. 

petrf>SHl,  479. 

jUKulRr,  -182. 

subinaxillHry.  497. 

semilunar,  498. 

eteliac,  4W. 

impar.  4'.)9. 
OnnK'l Ionic  NyNt4'in  of  nerveti,  496. 
OiUMerlMit  iTAniriiwn,  460. 
<itu*«n,  illte^tillal,  37. 
OaHtrlr  HMialH.  152. 
OnMtrir  rolllrlcfi.  151. 
tiaNtrir  Jiilce,  lH). 

mixle  of  obtaining,  ir>3. 

wcretion  of.  153. 

physical  properties  and  composition  of,  154. 

antiseptic  properties  of,  157. 

pliyslolDRic*!  artion  of,  169. 

t>eir-«li>fcstlon  of  stomach  by,  160. 

daily  quantity  of.  101. 

reabiiorption  of.  165. 
Oelntine,  89. 
OeintlnouM  Hibamenoid  salMtancc*, 

88. 
OenerMl  sensibility.  .510. 
Generation,  repnxluction  by,  570. 

B|M>ntane<)U!i,  072. 

sexuikl,  .'>82. 

female  organs  of.  .584. 

male  <irganK  of,  ,''i92. 
Germ,  .'iMj. 

Germinal  membrane.  61 R. 
Germlnnilon,  of  plants,  production  of  heat 
in,  2ii(). 

rc<iui>lte  temperatures  for,  268. 
Germlnatlve  Mpot.  r>N.\ 
GernilnAtlve  vehicle.  .'>K'i. 

diKAppearaiice  of,  after  inipreKnation,  616. 
GInnt  pyramidal  eellM,  in  nraiu  cortex, 

419.  429. 
Gills.  233. 
Gland,  sub-maxillary,  142. 

va.womotor  and  dilator  nerves  of,  506. 
GlandM.  lymphatic.  309. 
Glandulie,  Kolltarite  and  agmlnatse,  195. 
Globules,  of  the  blood,  red,  212,  214,  21.>,  219, 
2.M.     » 

white,  219, 220.  221. 

of  the  lymph.  .1!9,  .'120. 
Glomernll.  of  the  Wolffian  bodies  and  kid- 
neys. 681. 
Glonso^lablo-larynireal  paralysis,  445. 
GloKtMHpharyniceal  nerve.  479. 

coniiei-tiou  of.  with  sense  of  totite,  480. 

with  •IcKlutition,  181. 

motor  pn>|)eriii'M  of,  481. 
GlottlN,  ru>piratory  movements  of.  23K 

paraly>i>  of,  fh>m  section  of  pueumogastric 
nerves  W,.  192. 

IhMu  evul.-<ion  of  spinal  accessory  nerve.  492. 

protection  oi.  fTom  entrance  of  foreixu 
bo<lies.  486,  487. 
GlneoNe.  51. 

conipohttion  of,  .'>4. 

pn^dncilon  of,  from  starch.  .55. 

texts  for,  ,V>. 

fermen?ati(m  of.  57.  333. 

con\epiiijn  of.  into  saccharose.  59. 

Into  Rlycojten.  61. 

dehvdralion  of,  .'>9.  61. 

pruuuctioncf,inthe]iver,ftomg'4}'cogen,20G. 


Olaeose,  accumulation  of.  after  death.  207. 

reabsorptioi)  and  disappearance  of,  'Jfii. 

proportion  of,  in  artvrial  and  venous  blood, 
2U9. 

accumulation   and   discbarge  of,  by  the 
urine,  2II9,  332. 

quantitative  determination  of.  in  urine,  .S34. 
Gluten.  125. 
Olyeerine,  produced  in  saponificaticm.  6.5. 

influence  of,  on  production  of  glycogen  in 
liver,  206. 
Glycine.  108. 
Glye4»cliolate.  sodium.  108. 

rotatory  power  ot,  on  polarized  light,  109. 

In  the  bile,  179. 

in  the  urine,  'JAi. 
Olycoebollc  acid,  108. 

production  of.  from  taurocholic  acid,  109. 
Glycoflren.  60,  204. 

preparation  of.  60. 

production  of.  in  liver,  208. 

origin  and  formation  of,  204. 

uncler  varying  diet.  20.'). 

tmiisfonnation  of,  into  glucose.  61, 206. 
Ol.vcoKcnle  ftanetion  of  the  liver,  206. 

in  the  fii'lus,  675. 
Gmelln's  bile-test.  99. 
UraaMan  rollides,  58,'),  601.  602. 

rupture  of.  602. 

in  menstruation.  605.  fiOS. 
O  ran  u  lose  of  starch,  51. 
Ill  rape  snfrar.  .54. 

Gray  eoinmlNNure,  of  spinal  cord.  374. 
Gray  MulMlance,  of  the  nervous  M-utem, 
.-MS. 

anatomical  characters  of.  5.'A. 

physiological  action  of.  :!<Vj. 

of  the  .spinal  conl,  374.  :Jsi.  .'m. 

of  the  medullary  canal.  378. 
Gravity.  s;m.-i  iflc,  of  the  saliva,  14Z 

of  Ka.stri<' juice.  154. 

of  bile,  177. 

of  inteMinai  juice,  190. 

of  blo<Kl,  212. 

of  blood-globules.  212. 

of  blood  plasma,  212. 

of  lymph.  318. 

of  urine.  3i'i. 
Groove,  medullary,  620, 690  667. 
4i>ul>ernaeiilnni  tewtls,  (vvi. 
Gnslatory  nerves,  4<>i,  48n,  515. 

Hair,  coloring  matter  of,  08. 

development  of,  )j71. 

exfoliation  of.  aflt-r  birth,  705. 
Ilnlrs.  anditorv,  l;60. 
Harelip.  679. 
Ileaiiacne.  fK>m  afTcction  of  the  fifth  cranial 

nerve.  463. 
Hearinfc.  .sense  of.  .v>4. 

influence  of  trigemiuus  ner\-e  on,  166. 

organ  of,  551. 
Heart.  274. 

valves  of,  275,  276. 

pulsation  of.  277. 

sounds,  movement  and  impulse  of.  277. 

transverse  section  of.  280. 

intlncnce  of  pncnmogasttric  nerve  on,  489. 

development  of.  6'(7. 
Heal,  internal,  in  animaLs  258. 

in  vegetables.  259. 

quantity  ofj  pHxIuc-ed  in  IkmIv,  2fi0. 

relations  of;  to  respiration,  'Xa. 

local  pniduction  of,  in  the  tlnsues,  261. 

sources  of,  271. 
II eat  unit,  21X1. 
Ilemaphieine,  102. 
Hemailne.  31. 
Hematoldine,  99. 
HeniianH^the«tla.  101. 

from  eerebnti  lesions,  433,  434. 
Hemiopla,  4:>3. 
Hemiplegia.  400. 

from  cerebri!  1  U>sions.  433.  4J1. 
Hemispheres,  cerebral,  H7i'.,  378.  380. 413. 

fissures  iind  <-oiivolutions  uf,  413,  414. 

horizontal  section  of.  417. 
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Hemlnpheren,  physiological  properties  and 
functions  of  422. 

localization  of  functions  In,  426. 

development  of,  in  Uie  embryo,  GG8. 
Hemoidoblne,  »1,  93. 

upectrum  of,  94.  9C>. 

cnai;gca  of,  under  the  Influence  of  oxygen, 
IM. 

in  difTerent  animals,  96. 

futK'tion  of.  97. 

in  blood  globules,  215. 

in  respiration,  251. 
Hemorrhage,  arrest  of  by  coagulation,  229. 

from  the  nterns  in  nienstruaticm,  007. 

from  the  Uruatiau  follicle,  in  menstruation. 
6()8. 

from  the  placenta  and  uterus,  after  deliv- 
ery, 663. 
Hernia,  umbilical,  in  tlie  embryo,  C74. 

congenital,  674. 

diupliragmatic,  676. 

inguinal.  684. 
Hibernation,  Influence  of,  on  respiration, 
241. 

on  heat-production,  26.1. 
Hippurate.  sodium.  118. 
Hippiiric  HCid.  118. 
Honey,  59. 
HoriiM.  of  gray  sub.stance,  in  the  spinal  cord, 

374. 
HoruN.  of  the  uterus,  590. 
Humor,  aqueous,  522. 
Hyaloid  membrane,  of  the  eyeball,  523. 
Hydration,  of  sturcli.  .V),  60, 139. 

of  bilirubine,  101. 102. 

of  albuminous  matter.  139. 

of  glycocholic  acid,  !•)». 

of  taurocholic  acid,  lti9. 

of  urea,  115.  'MO. 

of  stcarine,  65,  i7fl. 
Hydrobiilrnbiue,  102. 
Hydrocarl»onHeeou8NubHtNnreN.X1.49. 
Hydrogen, introduction  nnd  discharge of,37. 

daily  (;oiiHumi>tioii  of,  132. 
HyperR>Nlh(*Nla,  after  injury  to  the  spinal 

cord,  399. 
Hypo|(loMMal  nerve,  493. 

di.xtribution  of,  4'J4. 

pliy>inl(igicttl  pri)i>crties  of  494. 

coniieciion  of,  with  mastication  and  deglu- 
tition, 4i»."). 

Willi  articulation.  495. 

Idloey.  condition  of  the  brain  in,  424. 
lina^reH,  catoptric,  in  the  eye.  -Xi. 
Imiiir«>N,  negative,  of  vi!<il)le  olgects,  553. 
Impcrrorate  aniiN.  673. 
Impregnated  eipe.  nucleus  of,  616, 
InipreKnatioii,  .>S2. 

of  tlie  egg,  .'i9'),  6*16. 

immediate  eflects  of,  616. 
ImpulMe,  of  the  heart,  277.  282. 
InclNionH.  rif  i>ctimidt,  in  mcdullated  ner\'e 

fibres,  310. 
IncnbHi  Ion,  of  the  fowl's  egg,  026. 
InoiiM.  .j.\5. 

In«lir4>rt  «-iNlon,  .'>39,  .'m.I 
Inliinl.  newly  born,  weiglit  and  general  con- 
dition of,  70J. 

relative  size  of  organs  in,  705. 

teetli  of.  705. 
Inr«>rior  pednnclex  of    the   eerebel- 

liini.  377.  3iM. 
InfiiNoriH.  577. 

reproduction  of,  .")79. 
In|;redient*>,  of  ttie  bi.dy,  30. 

e.Ktniction  of.  31. 

iiiurKaiiic,  3;$,  "■(>. 

hydniearbonaceou.s.  33,  49. 

allnunenoid.  'M,  '■">. 

colnriii},'.  ;14,  fi2. 

cry.<tullizabie  nitrogenous.  31. 105. 
Intruinni  hernia,  coiigenittd.  ('>.'s4. 
Iii«»rK-anie  Niib>t(nn<'eM.  in  tiiebody,  33.  86. 
InoNCiilntion,  of  blood-vessels,  295,  298. 

of  lyinplittties,  :'i08. 

of  licrves,  317,  318. 


Inofiealatlon,  of  peripheral  branches  of  til- 

geminuB  nerve.  464. 
InHpiratlon,  movements  of,  238. 
lnNnlK.414. 417. 

centre  of  language  In,  433. 
Internment.  terminaUon  of  nen'cs  in,  5&. 

development  of.  671. 
Internal  capMUle.  878, 417.  421. 

injuries  of,  causing  hemiple^  and  bemi- 
antesthesia,  434. 
■  nlewdnaldlKeatlon,  192. 
Intewlinaljnree,  188. 

composition  of,  190. 

acticm  of.  in  digestion,  191. 
Inteatlne.  137. 

glands  and  follicles  of,  188. 

digestion  in,  192. 

nerves  of,  499. 

development  of.  In  the  embrj'o.  621. 672. 
Iodine,  elimination  of.  by  the  urine,  334. 
Iris,  520,  521. 

movements  of,  450,  499. 

Influence  of  oculomotorius  nerve  on,  4j<, 
499. 

Influence  of  sympathetic  nerve  on,  499. 

development  of,  «59. 
Iron,  in  ncmoglobine,  97. 

In  mclanine,  98. 

in  beef,  97. 

in  fruits  and  vegetables.  97. 
Irritability,  muscular,  361. 

nervous.  300. 

of  sensitive  nei^-e  fibres.  860. 

of  motor  nerve  fibres.  361. 
Island  of  Rcil,  414, 417,  433. 

Jacol>son,  nerve  of,  479. 

Janndlee,  yellow  cx>lor  of  the  urine  in,  S31. 

Jniralar  iranirllon,  482. 

Jniee,  gastric,  l.'iO. 

f»ancreatic.  lf>'». 
utestinal,  188. 

Keratlne.  90. 

Hldne^N.  circulation  in,  305. 

elimination  of  sul>.<tanecs  by,  S27,  334, 3}5. 
nerves  of,  499. 
develoiiment  of,  682. 

I^abyrlnlh,  of  the  ear,  558. 

bony.  ;>59. 

membranous,  .Vi9. 

physiological  action  of.  561. 
I<acteal  vesMelti,  abttorption  by.  200. 
I^etealN  and  lymphatics,  in  digestion,  SOL 
I^actle  aeld,  59. 
IjaetoMe.  r>H. 

fermentation  of,  59. 
Laennie.  lymphatic.  308. 
I^anieilated  ttheath.  of  nerves,  317. 
Lamlnit;  Npiralin.of  the  cochlea.  563. 
Iiang:nag:e,  articulate.  432. 

centre  of,  in  the  brain,  432. 
Larfre  Intealtne,  137. 

ccjtitents  of,  193. 

development  of,  678. 
I^arynx,  functions  and  innervation  of.  482, 

492. 
Lateral  rolnmna,  of  the  spinal  cord,  S^ 

sen-sibility  of,  891. 

excitability  of,  392. 
Layer,  medullary,  of  nen'e  fibres.  344. 
Layen*.  bla.>todermic,  extern^,  middle  and 

internal.  618.  619. 
Leelthine.  45, 105. 
LeKuinlne.  85. 
Lens,  crystalline.  520.  523, 524,  ML 

development  of,  669. 
Leucine,  107. 

Lleberiiuhn.  follicles  of,  189. 
Llfpimeiit.  of  the  ovary.  685. 
Llijrnment.  broad,  of  tlie  uterus,  6K>. 

round,  of  the  uterus.  685. 

round,  of  the  liver,  696. 
Ll|rht.  i>ercepti<m  of,  5.33. 

destruction  of  retinal  red  by,  586. 
Limbs,  development  of, 


red  by,  55 
,  667,  «1. 
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lilaie  enrbttnate,  41. 
Ume  phonphate.  38. 

quantitv  oT,  in  the  body,  88. 

in  the  tiHiUofl  aud  tluidH.  39. 

condition  and  uses  of,  38. 

Knroe  and  excretion  of,  40. 

In  the  urine,  xn. 

deposits  of,  X». 
Ume  MtllN,  Koretion  of  by  fowl'D  oTiduct.r>89. 

•biforption  (»f,  by  allantoia,  frum  the  egn 
Bhen.  M4. 
Kilnr  «r  direct  vlwlon.  :>38. 
Lla^aal  nerve,  4C3. 
Uver,  174. 

secretion  of.  177. 

nerves  f>f,  4«S. 

development  of,  675. 
LlTer  cells,  6M. 
I<okale«,  slandalar,  141. 

ofpamini.  141. 

of  liver.  174. 

of  lungy,  ]!Xi, 
I«ocnIiBnli«ii,  of  (\inct1on,  in  cerebral  hcmi- 

Bphcres.  426.  4.TI.  ' 
Locomotion,  iiiflueni-e  of  spinal  cord  un. 
406. 

mei'hanixm  of,  in  different  animals,  439. 
Locomotor  Mtnxia,  4(Jti. 
ItonyltiidinAl  liMMiireii,  of  the  brain  and 

Epinal  c<)rcl,  formation  of.  609. 
LnniMur  enlorveuaent,  of  Hpinal  cord,  373. 
ItOnK*.  2M. 

cnolinir  of  blood  in,  2U. 

nervoi  of,  4M. 

condition  of.  after  Kction  of  pneumogaKtric- 
nervf«,  4H4. 

development  of.  (i75. 
MjjmpU,  Ml 'Mft. 

plly^ical  characters  and  compoRitlon  of.SlH. 

movement  uf.  in  Ivmpliatio  vvt<i>elc-,  ^i. 
I<ymph  and  chyle.  »1M. 

c«)niparative  aiiHly.»e«  of.  820. 

dailv  quantitv  of.  321. 
Lymph  eorniiNCleM,  lOn,  nou-OJO. 
Ljrmph  patnn,  3t0. 
I^ymplifttic  prlandisaO'.). 
Lymphatic  laennic,  3iw. 
I^ymphatic  MyMtem,  an7. 
Lymphatic  vetMelN.  am. 

of  small  intestine.  1%.  'Jiiu. 

oriidn  and  courxe  of,  'JtlH. 

valves  of,  ;til. 

Macula  andltlva,  SCO. 
Macula  Intea,  Mi. 
Maarnealnm  phOMphate.  41. 
Man;ot<i,  repnKluctfon  of,  .'>72. 
Male  onrana  ofireneratlon,  j&2. 

development  of,  682. 
Mallena.  .Vm. 
Maatlratlon.  110. 

unilntvml.  14-V 

etleci  of,  on  M-crction  of  saliva,  145. 

rauscliQi  of.  4iV4. 

diMurbanci*  of.  in  fnclnl  parrtlysis  472. 

connection  orhy]»<>glu<MLl  nerve  with,  49^). 
Meanly  pork,  d74. 
.Meat,  126: 
Meconium.  ri74. 
MedHlla  ol»lona:ata,  rr..  zn,  3»'>,  438. 

IfTny  suli>tiinit:  t)f.  Mo. 

phy.<lolii^ic(il  pr<i|HTtie!<  <>f.  4Jft. 

action  ot.  a-  a  iier\'<)u.H  ctMitre.  4 10. 

intliK-ntr  of,  on  respiration.  -i4y. 

on  ilevlutition,  4i.'t. 

on  the  Voice  iind  nrticnlation,  414. 
Mednlinry  canal,  <>-.■().  tui,  MT. 

(jray  yubstaix-e  of.  OT**. 
Medullary  ilbrew,  of  the  bniin.  420.  421. 
Mednilary  Kroove.  6jii.  inin.  UM. 
Medullary  layer,  of  nerve  tibrvs,  344.  !U'i. 
Melanlne,  %. 
Membrana  baNilari«t.  -Vi-". 
Membrana  M:raniilo*ta.  *'*ri, 
Membrana  tympnnl.  ri.>|. 
Membrane,  germinal,  nis. 
Membrane,  pupillary,  609. 


Membrane,  vesicular,  of  the  Graaflau  folli- 
cle. t'*n. 

Memory,  425. 

.Menobranchns,  gUla  of,  283. 
Menaca,  604. 

mispension  of,  dnrlnK  pregnancy.  601. 
Menalrnal  perloda.  601. 
McnNtrnation,  6i>l. 

without  ovulation,  607. 

corpus  Inteum  of,  608. 
Meaentertc  arlAnds,  200. 
Meaoderm,  62H. 
MIcromllllmetrc,  51. 
Mlcrophyle,  584. 
Middle  ear,  5M. 
Milk,  123. 

Klottuieo  of,  67. 124. 

acid  fermentation  of,  124. 
Milk  sncar,  58. 
Millimetre.  51. 
Mineral  matter*,  in  the  blood  plasma, 223. 

daily  divi'harite  of,  120. 
Motion,  channels  for,  in  i-pinal  ncr^'C  roots, 
8K7. 

in  spinal  conl.  394. 

centres  of.  in  brain,  427. 
Motor  centre*,  in  the  cerebral  hemispheres, 
427,  428. 

extir|»ation  of,  429. 

diseai4!  of,  in  man.  4^0. 
.Motor  tractN,  in  spinal  c-ird,  394. 

de<'Uiwation  i»f,  %)/. 
Month,  formation  of,  In  the  embryo,  G21. 
.MoTement*.  of  ret^iratiun,  236.  jan. 

of  Ihe'hcart.  277. 

of  the  limbs  from  galvanizing  brain  cortex, 
426,  427. 

of  UicUTia,  T«,  .'iSl. 

of  .siK-rmatozoa.  .V.«4. 

of  the  iris  *■'*},  4i'.7. 
Mo%-ementM.  peristaltic,  of  the  oesophagus^ 
l.'iO,  443,  4Kf. 

of  the  Momach,  162, 163. 

of  the  intestine.  197. 

of  ilie  oviduct,  .'ibH. 
Mnclne.  88. 

usefulness  of,  89. 

in  baliva,  143. 
Mncnw,  88. 

in  the  urine.  338. 

of  wr>Mx  uteri.  591. 
MnconH  membrane,  of  the  alimentary 
canal.  VVl. 

of  the  stomach.  l."»l. 

of  the  intestine.  188, 193. 

of  the  IniiKS  '£Vk 

of  the  uteruK,  6."in. 
Mnnclea,  iniiahility  of.  n61. 

ti-rmination  of  nerves  in.  STiO.  a'll.  VA,      , 
MuNCnlar  ilbrea.  of  the  nterax,  664. 

aiWr  narturitiou,  tita. 
Mnaleal  Nonnda,  jiroduclion  and  perocp* 

tlon  <if.  .Vi7. 
Myellne,  <if  nerve  ilbres,  <'U4. 
Myellne  forum,  105. 
.Myopia,  .''ta. 
.Myoalne,  83. 

?fall»,  development  of.  671. 
Wear>wlvbted  eye,  .W*. 
Kevailve  ImNven.  of  visible  objects,  563. 
Xerve,  oltacinry.  448,  .M7. 

optic,  419.  519.528. 

CH'ulomoiorius.  465. 

p<itheticus  4."m. 

triueiiiinus.  4.VJ. 

alxiucvns.  407. 

fiiciul,  VJ^. 

Iini!unl.  4*1,1, 

gnrnx  -u|ierfl<-lal  petrosal.  475. 

sniiill  Mi|H>rfii'iiiI  petnisal,  475. 

of  Jiiciilis.,11,  479. 

sniierior  lar^'ngenl.  4>v^. 

inferiiir  laryngeal,  4M2. 

an<iltory,4<7. 

Klovsii-plmryiiKcal.  479, 

pncumogastric,  482. 
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Nerve,  roinal  accessory,  490. 

IiypoKlossal,  4<J3. 

oympathetic.  498. 
Nerve  eeil«.  86(>. 

in  anterior  horns  of  8plnal  cord,  856,  8S2. 

in  posterior  columns  of  Dpinal  cord,  382. 

in  the  c-olumns  of  Clarke,  382. 

in  the  cortex  of  the  brain  cerebral  hemi- 
Hpherci«,  418,  421>. 

in  the  cerebellum,  435. 

in  !<pinal  and  sympathetic  ganglia,  857,496. 

Fheath  of.  357. 

prdcewies  of.  356. 

connection  of,  with  nerve  fibres,  Zbl,  858, 
8M. 

bi pillar,  3,58. 

physioloKical  properties  of,  859. 
Nerve  Abren.  343. 

fctrurture  of,  'Mi. 

nie<luilated.  Mi. 

non-meijullatcd.  516. 

course  and  mutual  relation  of,  847. 

diviftion  of.  34<J. 

periplieral  termination  of,  318. 

in  the  integument,  :W. 

fn  Pacinian  bodie*.  :C0. 

in  end  bulbs  of  the  conjunctiva,  350,851. 

in  nni.«cles,  'A'At,  3.M.  :ir)2. 

pliysiologlcal  properties  of.  351. 

nmtor  and  sensitive,  :V>2.  ."564. 

degeneration    and  regeneration  of,  afler 
divimlon.a'A 

coi)ne«-tiun  of.  with  nerve relK  357, 858. 381. 
Nerve  rorei>.  tmnsnii-Hsion  of,  366. 
Nerve  rooUi,  -siilnal,  connection  of,  viiih 
Hplual  cord.  :tK4. 

excitability  of.  ;W7. 

KMisibility  of,  ;m*8. 

eHect.s  of  dividing,  387.  388. 

degeneration  of,  after  Mflion,  389,  890. 
Nervefi,  titructnre  of,  'Ml. 

divi.xion  Hud  in(K'Culation  of,  847. 
Nervew.  cranial,  440. 

classiticntiKii  of.  417. 
NerveH,  ciliary  4!i7. 
NerveN,  .spinal  374. 

origin  of,  :)H|. 

tran.tniis.'>ion  of  motor  and  sensitive  im- 
pulses in.  ;i»V>.  360. 3H7. 
Nervew,  of  hjH-cial  ►ensc.  447. 
Merve««.  hympathclic,  4'J». 

vaw>-motor.  iioo. 

dilator,  rm. 
NervoiiM  eentre.  definition  of,  359.  i 

phv.'tioiogicul  action  of.  Si9.  ■ 

NervoiiN  irritability.  3G0.  I 

NervwiiM  nyMteni.  29.  M2.  \ 

general  Mructure  and  functlon.i  of.  342.        ' 

vt  hile  and  gray  .lulistance  of,  343.  I 

rellex  action  of,  *VJ.  I 

goiiernl  arraUKemeut  of,  373. 

ccrebro-s|>iiiHl.  373. 

symimthetic,  4'.Mi. 

development  of,  (>07. 
Network,  capillnry.  'Jvg,  300. 
NeiirllenimH.  "47. 
Kiclitnting:  meiiibraiie.  500. 
Kiiitii  crHiitnl  nerve.  479. 
9iitr«»Keti,  in  organic  sulistances,  H,  73. 

daily  coiLxuniiition  »(,  IS2. 

in  tlic  atmonpnere.  240. 

indil't-rcnce  of.  in  retipiration.  34-1. 
Nltrow:<'itoiiN  oriranie  inatterti,31, 7.1. 

in  iho  l<Hid,  IJ-J,  VM,  lyj. 
Nuii-nllro|cenouH        orgranic        nub- 
Mi  a  ne<>N.  49. 

ill  the  food.  IJ). 

daily  ciiii^nniption  of.  1.10.  132. 

iiiMilVicieiit  r>>r  tiiiiritton,  VJl. 
Nnclen**.  <)(•|l^lnu•tu^iu^  and  |>atlieticui«.  455. 

trip'iiiinal.  4.'>9. 

alxliicciis  mid  facial,  467,  40». 

aii'litnry.  477.  47M. 

j;l(is.«(»-filinrynj;enl.  479. 

piiciiiuof,'a.><fric,  4.'«'J. 

KjiimU  a('i'es.<ory,  490. 

l)ypoBlo^!sal,  493. 


Nnelean.  olivary,  49S. 

of  the  impregnated  egg,  01<(. 
Natritlom,  fyiucUons  oiTss,  136. 

Obliteration,  of  ductus  arterioHB,  OK. 

of  ductus  venosuR,  6V7. 
of  foramen  ovale.  708. 
Oeiiloinol«rln«  ncrv«,  4B6. 
origin  of.  465. 
decuitsatlon  of,  456. 

fihysiological  properties  of,  456. 
nUuence  of,  on  movements  of  eyeball  tnd 
eyelids.  4ri6. 

on  iris  and  ptipil,  457. 
4Ea«phaarnN.  137. 

peristaltic  movements  of.  ISO,  443y  487. 

nerves  of,  483. 

paralysis  of,  after  section  of  pneomugaarie 
nerves,  487. 
(EMtrnallon,  603. 
OIea«iiioaa  anbatances,  61. 

in  the  food.  62. 

In  the  <liyle  67, 197. 

in  the  blood,  223. 

digetition  of,  171. 

absorption  of,  197. 
Oielne.  64. 
Oifaetory  bulb.  448. 
OlfHetary  Kanylla,  875. 
Olfaetory  lobe.  448. 
Olfaetorjr  nervea.  448. 517. 

physiological  properties  of,  448. 

congenital  absence  of,  449. 

eflect  of  removing.  449. 
Olfaetory  traetN.  44a 
Olivary  bodlea.  377. 

connection  of,  with  brposlOHal  nerrcL 
493. 
0|»erenlaiii,4l4. 
4»plithalaile  sKnrHois.  457. 
Optatlialiii«»neope.  525. 
<»plle  ganfflla,  876. 
Optle  nerves,  449. 

decussation  of,  877.  449,  4.'>1.  4S2,  4.'i8.  4SL 

central  origin  of.  4.M>. 

physiological  properties  of,  450,  528. 

development  of.  669. 
Optir  nerv<H«  and  tracts. 877, 451,453  4M. 
Optic  tbaianil.  .'!76.  417. 
Optic  tracta.  449. 
OptoirraniN.  536. 
Ora.  serrata,  526. 

Orbital  mnMcle,  fn  qnadrai^ed?.  .VK). 
<»r|ran  of  t'ori  1.  :>M. 
OrKantc  matter,  production  of  by  pUut<. 

49,  6:1,  79. 
On  externnm,  of  the  Qtern)*,  591. 
4Ni  intern  am.  of  the  uterus.  r>91. 
ONetilatorlH',  ;'>.s). 
OMNlelea,  of  the  middle  ear.  3r>4. 
«>iMilfleation.  40. 

of  skeleton,  in  the  chick.  644. 

in  the  human  foettu.  670. 
Oateoinalakla.  40. 
Otic  IptHKiion,  475,  497. 
<»toeonia.  560. 
Ovarian  preicnaney,  ri06. 
Ovai-leM.  i>Hj^".s:i. 

phy.siological  action  of,  ^99. 

aiiiescence  of,  during  pregnancy,  612.  614. 
evelr>puicnt  ol,  6t)Z,  685,  Can. 

dcM-ent  of,  (585. 

condition  of,  at  birth,  686. 
Ovltlneta,  r.86. 

physiological  action  of,  587. 
Ovulation.  599. 

in  nien.Mniatlnn.  605. 

Misjiended  during  pregnancy.  613.  614. 
Ovnm,  582. 

Oxalic  acid,  in  fermenting  nrine.  xvt. 
Oxidation,  of  starch,  fat.  and  aibumvD.oxy- 
>ren  required  for,  131. 

of  starch.  1,18.  250. 

of  fnt.  13:i.  aV). 

of  ulbiinicn.  184. 

of  tartaric  acid.  250. 
Oxygen,  exhaled  in  vegetation,  SO. 
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•syvcB,  necessary  for  putrefaction,  77. 

action  of,  on  taenioglobiiie,  !M. 

daily  consumption  of,  in  the  food,  132. 

aUiorption  of,  in  respiration.  2iU.  'J40. 

rroportion  of,  to  carbonic  acid  exljaled,  248. 

etTect  <>f^  on  the  color  of  the  blood,  'J&2. 

quantity  of.in  arterial  and  venous  blood,  2.i3. 

abei>rptlun  of.  by  the  tissuea,  253. 

by  the  fowl's  egg,  in  inculNUiou,  6M. 
OzyBcmoKlokine.  M.  %. 
Oxynrta  vermlcnlaria,  573. 

Parlniaa  bodies,  349. 

termination  of  nerves  in,  STiO. 
Palnftal  Impreflslons,  transmiasioa  of,  In 

spinal  cord,  S71. 
Palate,  formation  of,  679. 

Assure  of,  680. 
Palmlllue,  64. 
PnmcreMs.  1&>.  166. 

secretion  of.  165. 

nerves  of.  499. 
Panereatlc  fermentM,  86, 168. 
Panrrcwtlr  flutala,  166. 
Pancr«atlc  Jnle«,  I6f>. 

pbyaical  properties  and  composition  of,  167. 

secretion  and  dally  quantity  of,  17U. 

physiological  action  of,  171. 
Panercatine,  86, 168. 
Papilla,  of  the  retina,  526. 
Papillae,  lingual,  514. 
Par  vairnin.  482. 
Paraarlobnllne.  81. 

In  biiMKl-pIasnio,  222. 
ParalynlN.  various  forms  of,  400. 

facial.  471. 

glosso-labio-laryngcal,  445. 

nxtm  cerebral  lexlon,  401,  429,  4.')0, 433. 493. 

of  tongue  from  disease  of  medulla  oblon- 
gata, 44'). 

or  glottis,  after  section  of  pncumogastric 
nerve,  485, 4i»2. 

of  cesophaguti  and  stomach,  after  section 
of  pneunioga-stric  nerve,  487.  488. 

of  glottis,  after  evulsion  of  spinal  accessory 
nerve.  492. 
Parapl4'i:la,  400. 

reflex  action  of  spinal  cord  in,  406. 
ParanltcM.  internal,  57:i 
Parotid  ffland,  141. 
Parotid  aallva,  144. 
Parotid  plrxuM,  of  facial  nerve,  468. 
Parlnrltlon,  663. 

arrest  of  bemorrhafre  in,  063,  064. 
PaihetleuM  nerve,  457. 

origin  of.  I.W. 

MhyMiiilo^lcal  proiH>rti-»R  of.  45S. 
PeaiiiirleM,  of  the  brain.  378. 
Pednnelew.  of  the  cerebellum,  anterior,  378. 

Inferior,  377.  ;«6. 

middle.  »7». 
Pepnlne,  84.  86. 

in  gHHtric  Juice.  156. 

production  of.  l.'>7. 
Pepnine  extractn,  1-58. 
Peplone.  M. 

dlffusibllity  of.  75,  84.  l-W. 

prorlui-eil  in  digestion,  1.59. 

contninvd  in  hlood-plo-sma.  223. 
Perception,  visual,  general  laws  of,  .'>t9. 
Perilymph.  .V)!). 

Perlatnltlc  action,  of  theu-sophagus,  150. 
443. 1«7. 

of  the  stomach,  162  163. 

of  the  inlC!<tMie,  197. 

of  the  oviduct,  5W. 
Peritoneal  cavity,  formation  of  in  the 

eml)r>'o,  e^Mi. 
PeroMinlr  add.  action  of.  on  medullao' 

layer  of  nerve  fibrei',  3H,  345. 
PemlNtenee.  of  hiniiiious  inipreiiriious,  549, 

of  sonorous  imj.ires>ions  .567. 
Peraonal  error.  ;;71. 

variation  of,  872. 
Pemonal  equation.  :{72. 
Peraplrallon.  cntnneous,  272. 
Pe«  anverlnuN,  468. 


Petr— 1  iraniillon.  479. 
Petroaal  nerve,  great  superflcial,  47.\ 

small  superficial,  475. 
Pettenkofrr**  teat  for  tbe  biliary 
aalta.  110. 

spectrum  of.  111. 
Peyer'B  patches,  in  small  Intestine,  196. 
Pharynx,  137. 

actton  of,  in  swallowing,  481, 487. 

ner>-e8  of,  479, 482. 487. 

development  of,  677. 
Phenomena,  of  Uvtng  beings,  general  and 

special,  27. 
Phonatlon,  444. 

connection  of  medulla  oblongata  with,  444. 

of  pneumogastrlc  nerve,  4M. 

of  f  pinal  accewory.  491. 
PhOMphate.  lime,  W. 

maKnesium,  41. 

sodium.  41. 

ammonioinagnesian,  310. 
PhoaphatCM,  ullcaline,  44. 43, 330. 
Phoaphalea.  earthy.  41,  330. 

deposits  of,  in  the  urine,  336. 
PhoHpho-irlycerlc  aeld,  106. 
Phowphorlaed  fht,  106. 
Phoaphornw,  in  lecithine,  45. 106. 

oxi<lation  of,  in  the  body,  46, 106. 
PhyMloloirlcal  chemistry,  28,  30. 
Phyaioloiry,  dellnition  of,  '&. 

modem  study  of.  26. 

different  <lepartmuntB  of,  28.        • 
Placenta.  653. 

development  of,  6.57. 

bloMl-vessels  of,  658. 

ibnction  of,  659. 

separation  and  discharge  of,  66L 
Plaicental  cirealation,  688. 
Plasma,  of  the  blood,  22L 
Plasmlne,  227. 
Plates.  don<al.  of  the  blastoderm,  620,  630. 

aljdominal,  620. 
Plexus,  capillary,  299, 3na 

lymphatic.  *w. 

terminal,  of  nerves,  348. 

parotid.  468. 

laryngeal,  482. 

pulmonary,  483. 

<e!«t)phageal,  483. 

holar.  498. 
Pnenmofcastrlc  nerve,  4A2. 

orixin  and  branchef!  of,  4k2. 

pliy^^iological  pn)pertle!*  of,  488. 

connectifiii  of,  with  respiration,  484. 

with  the  voiiv,  48fi. 

wlih  di-glntition,  487. 

with  summch  digestion.  488. 

with  the  heart'n  action.  489. 
Point  of  distinct  viMlon.  .'^iSl. 
Point  of  flxallon,  in  )iin<K-Mlar  vUion,  M7. 
Polarised  IlRrht,  rotation  of,  53. 

»>y  dextrine.  53. 

by  )iluc<»ie.  5.5. 

))>•  lucU>^e,  58. 

by  Niccliortw^*.  59. 

by  jtlycogen.  (V). 

by  cholesterlne.  71. 

liy  alhumenoid  substances,  74. 

bv  albumen,  80. 

by  the  biliary  salt^  109. 
Pollen.  .582. 
Pons  Yaroili.  377.  4:t.5. 
Portal  vein,  distribution  of,  in  the  liver,  174, 
175, 

development  of,  696. 
Posterior    colnmns    of    the    spinal 
cord,  375.  :177.  384. 

M-nvibililvof.  891. 

clVect  of  dividing. :««.  407. 

influence  of.  on  the  attitude  and  locomo- 
tion. 407. 

ftticending  dcjn'nerations  of.  407.  4'i8. 

l(K'oraot()r  atHXia,  from  scilenwis  of.  4*18. 
Posterior  pyramids,  of  medulla  oblon* 

Rata,  408. 
Potanslnm.  carbonate,  46. 

diloride,  43. 
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PotiuMilnni,  phosphate,  44. 

biphosphate,  45. 

sulphate,  47. 
Pregnancy,  influence  of,  on  the  exhalation 
of  carbonic  acid,  243. 

Buspension  of  menses  in,  604. 

ovarian.  6U6. 

abdominal,  606. 

tubal.  606. 

growth  of  uterine  mucous  membranein,650. 
Presbyopln.  544. 

Preaanre,  of  the  blood,  in  auricles  and  ven- 
tricles. 285. 

in  the  arteries,  292. 
Primitive  ffhrrow,  627. 
Primitive  traee,  61it,  626, 627. 
ProtHKon,  105. 
Protovertebne,  KiS. 

transformation  and  disappearance  of,  634. 
PtOWls,  457. 
Ptysllne,  85. 

in  saliva,  143. 
Pnberty.  600. 
PnlMttion,  of  the  heart.  277, 283. 

of  the  arteries.  286. 
PnlMe,  arterial,  286.  l!87. 

traces  of.  289,  2S0.  291. 
PnlNe.  dicrotic.  290. 
Pnpll.  520, 521,  .■>22. 

sphincter  and  dilator  muscles  of,  022. 

movements  of,  450. 

dilatation  of,  after  division  of  oculo-mo- 
torius  nerve,  4.'>7. 496,  499. 

contraction  of,  after  section  of  sympathetic 
ner%-e,  499. 
Pnplllary  membriuie,  in  the  fioetus,  669. 
Pus,  in  the  urine.  XiS. 
Patrefttctlon,  76. 

conditions  of.  77. 
PyrRinlds,  anterior,  397. 

decussation  of.  38.'>. 
PyramlflH,  posterior.  408. 
Pyranildal  cells,  in  cortex  of  brain,  418. 

giant,  419. 429. 
Pyramidal  tract*,  in  brain  and  spinal 
cord,  395. 

4|niintlty,  daily^,  of  air  used  in  respiration, 

239. 
of  the  food.  129. 
of  bile.  182. 
of  biliary  acids,  lin. 
of  carlMtnic  acid  exhaled,  242. 
of  creatinine.  114. 

of  earthy  pospliatcs  in  the  urine.  41. 
of  feces,  194. 

of  tltiids  hccreted  and  realMsorbcd,  32.3. 
of  pastric  juice.  161. 
of  lime  phospliBte,  in  the  urine,  40. 
of  lymph  and  chyle,  321. 
of  magnesium  phosphate,  in  the  urino,  41. 
of  mineral    mutter   introduced    and    dis- 

ciitirfied,  120. 
of  oxyuen  consumed,  240. 
of  puncreatic  juice,  170. 
of  |K;r»i>irati(>n,  272. 
of  smlivii.  U.'t. 

ol  Mxlimn  diloride  discharsed,  43. 
of  soiliuiii  and  potassium  plio.'.pliates,  in 

the  urine,  46. 
of -sodium  and  potaiN^ium  sulphates,  in  the 

urine.  47. 
of  solid  matters,  in  the  urine.  320. 
of  urea,  ll.'>. 
of  urine.  S2.'>. 
<|nHiitily.  entire,  of  hliMxl  in  the  iKHly.  230. 
of  iron  in  tlie  blcKxl.  97. 
of  lime  i>lio>j>lu»te  in  tiie  lK)dy.  38. 
of  sodium  cliloride  in  the  body.  41. 
of  ^u)i>liur  in  tlie  all)uminous  injrrcdiouts 

ofthebody. -17. 
<|uliiiiie.  elimination  of  by  the  urine,  SXi. 

RRCbltlH.  10. 

Bate  of  trRiiMinlsMion,  of  ner^'o  force,  3G6. 
metho(h»  of  determining,  867. 
in  motor  nerves,  367,  ;169. 


RateoftransmlHalon, In  sensitive nerra, 

369. 

in  spinal  cord.  370. 

in  the  brain.  371. 
Reason,  425. 
Rectum,  137. 

evacuation  of,  409, 410. 
Red  ylobalen,  of  the  blood,  212. 

structure  of.  214. 

composition  of,  215. 

phy.siologicAl  fimction  of,  219. 

absorption  of  oxygen  by,  219,  251. 
Red,  retinal,  !m. 

Reflection,  images  of,  in  the  eye.  .':41. 
Reflex  action,  of  the  nervous  system,  SS9. 

of  the  spinal  cord.  401. 

of  tiie  medulla  oblongata.  442, 443. 

for  movements  of  tlie  iris,  *%. 

for  the  movements  of  winlclng.  473.  474. 

for  the  movements  of  respiration.  4K5. 
Reflex    contraction    and   dilatation  of 

blood-vessels,  507. 
Refk-nctlon,  by  the  crystalline  1ens..'>23..'>2(. 
Regeneration,  of  divided  nerve  fibres.  :V)ii 

of   the  uterine   mucous   membrane  and 
muscular  tiiixue,  in  pregtianev,  6&t. 
Rearlsterlnir  apparatna,  of  Marey,  36». 
Rell.  Island  of,  414;  417, 433. 
Rennet,  124. 
Beprodnctlon,  29, 568. 

nature  of,  569. 


by  generatioii,  570. 
of  mai 


maggots,  072. 

of  eiitozoa,  573. 

of  cysticercus  cellulosse,  575. 

of  trichina  spiralis,  576. 

of  infusoria,  579. 

oviparous  and  viviparous,  .^99. 
Realnonn  mat  tent  of  the  bile,  lOS. 
Respiration.  232. 

organs  of,  233. 

aquatic,  233. 

aerial,  234. 

movements  of,  286. 

abdominalJ237. 

thoracic,  237. 

rapidity  of,  289. 

ciuantlty  of  air  used  in,  237,  2S9. 

nature  of  2.'i6. 

relation  of,  to  heat  production.  2iw. 

nervous  centre  of.  in  meilulla  obloncati, 
441. 

influence  of  pneumogastric  ner^-e  on,  4M. 

reflex  action  of,  4S.^. 

suspension  of,  in  deglutition,  48*. 

in  muscular  eflort,  492. 
RoMtirorm  bodiCM.  377,  387,  4a>. 
Retina.  .520,  .'>2n. 

layers  of,  .Vje.  .527.  .528. 

ganglionic  cells  of.  ;VJ7. 

rods  and  cones  of,  527, 528. 

reception  of  luminous  Impressions  by,  52n 

development  of,  <i69. 
Retinal  red,  5.%]. 

destroyed  by  the  action  of  light.  535. 

reproduction  of,  during  life,  riSS. 
Rhythm,  of  the  hearts  action,  283. 
RodM  and  cronf>s,  of  the  retina.  527. 
Rotation,  of  the  plane  of  polarization,  for 

polarized  light,  53. 
Rotatory  power,  of  dextrine,  53w 

of  giucose,  65. 

of  lactose.  ."iS. 

of  saccharose,  59. 

of  glycogen,  60. 

of  <'holesterine,  71. 

of  albumenoid  substances,  74. 

of  albumen,  80. 

of  the  biliary  salts,  109. 
Ronnd  llframent,  of  the  ntems.  f>85. 

of  the  liver,  696. 
Rnmination,  secretion  of  saliva  in,  149^ 
Riittlngr  season.  603. 

NHrebarine  snlmtancen.  .^4. 
NaecharomyceM  cerevlala«,  &7. 

in  fermentation,  58. 
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Nacchsrofie,  59. 

Sacenlas.  of  the  Internal  ear,  559. 
Sallvn.  141. 

physical  properties  and  composition  of, 
142. 

action  of,  on  starch,  143. 

varieties  of,  144. 

dally  quantity  of,  145. 

physiological  action  of,  146. 

as  anxiliary  to  the  sense  of  taste,  516. 
Snlivary  Kli»n«l«,  141. 
Snlta.  biliary,  108. 

of  the  blood,  223. 

of  the  urine,  329. 
SnponlMcHtlon.  64. 
HealA  tjrmpanl,  .ViS. 
(9cnl»  %-eHtfbnII.  TifiS. 
Hchlcmm,  canal  of,  rcH). 
SclerosiN.  of  posterior  columns  of  spinal 

cord.  408. 
H«1«>rotic  e«M»t,  of  the  eyeball,  519,  520. 
Mebareon*  matter,  of  the  sicin,  71. 

in  the  fcetiis,  671. 
Serond  pair  of  cranial  nerves,  449. 
Secretion,  of  saliva,  144. 

of  gastric  juice,  l.i3. 

of  pancreatic  Juice,  170. 

of  bile,  180. 

of  albuminous  matter  by  the  oviducts  and 
Fallopian  tubes.  587,  588,  617. 

of  calcareous  matter  by  the  oviduct,  589. 
Sejcmentatlon,  of  the  vitellus,  617. 

in  the  fowl's  egg.  624. 
Seir-dlfreMtiou,  of  stomach,  160. 

of  pancreas,  169. 
Senildrenlar  canaln,  559. 

office  of,  561. 

effects  of  injury  to,  562. 
Seminal  fluid,  582. 
Seminirerons  tubes,  594. 
Hennation.  MO. 

of  pain,  512. 

of  tenii»erature,  512. 

channels  for.  in  spinal  nerve  roots,  388. 

in  spinal  cord,  39:). 

centres  of.  in  the  cerebral  hemispheres, 430. 
Sen.<ie.  of  touch,  .^10. 

of  taste.  513. 

of  smell,  517. 

of  sight.  519. 

of  hearing,  554. 

organs  of.  development  of,  667. 

special,  nerves  or,  447. 
8en<te«i.  the,  510. 

mode  of  action  of.  513. 
Senwibility.  general.  510. 

delicacy  of,  in  different  regions,  511. 

tactile.  ■>10. 

of  the  toiiiiue,  463. 
Seram,  of  coagulated  blood.  225. 
Seventeen-year  locust,  572. 
Meventli  cranial  nerve,  468. 
Hex  CM.  male  and  female,  582. 
Nexual  ireneratlon,  582. 
Hexnal  orKans,  male,  594. 

female.  -W. 

development  of.  683.  685. 
Stieatli.  lamellated.  of  uer^-es.  347. 

tubular,  of  nerve  fibres,  344. 

of  Heiilc,  348, 

of  Schwann.  344. 
Nhork,  nervous,  362. 
SlKlit.  sense  of.  519. 

organ  of,  519. 

f>hysioloKical  conditions  of,  ."iS?. 
nlliience  of  trigeminus  nerve  on,  466, 
NInirle  virion,  with  two  eves,  547. 
Minuses,  vascular,  of  the  placenta,  657,  658. 
Nixtli  cranial  nerve,  467. 
Skeleton,  mass  and  comix>sition  of,  38. 

os.sincation  of,  ;».  40.  644. 
Skin,  .sohftceous  matter  of  71. 

watery  .secretion  of.  38,  272. 

development  of  671. 
Smell,  sense  of.  517. 

nerves  of.  448.  517. 

necessary  conditions  of,  518. 


Smell,  acuteness  of,  in  animals,  519. 

influence  of  trigeminus  nerve  on,  465. 
Sodium  carbonate,  46. 
Sodinm  chloride,  41. 

proportion  of,  in  the  tissues  and  fluids,  42. 

in  tue  food,  42. 

usef^ilness  of,  42. 

discliarge  of.  43. 

in  the  urine,  890. 
Sodinm  vlycoclkolate  and  taarocbo* 

late.  108. 109, 179.  334. 
Sodium  hipparate,  118. 
mdlnm  pbosphate,  44. 

bipho-sphate,  45. 

in  the  urine,  329. 
Sodium  HHlptaate.  47. 
Sodinm  urate.  117,  329. 
Solar  plexus,  498. 
Solidity  and  projection,  appreciation 

of,  In  binociuar  vision,  548. 
Sonorous  Impressions,  persistence  of, 

567. 
Sound,  sensation  of,  554. 
Sounds,  of  the  heart,  277. 

musical,  production  and  perception  of,  567. 
Special  sense,  nerves  of,  447. 
Species,  definition  of,  570. 
Speciflc  f^ravity,  of  saliva,  142. 

of  gastric  juice,  154. 

of  bile,  177. 

of  Intestinal  Juice,  190. 

of  blood,  212. 

of  blo'  i  globules.  212. 

of  blood  plasma,  212. 

of  lymph,  318. 

of  urine.  325. 
Spectrum,  of  hemoglobine,  94. 

of  biliverdine,  100. 

of  urobiline,  102. 

of  chlorophylle,  103. 

of  Pettenkofcr's  test,  111. 
Sperm,  582. 

Spermatic  fluid.  582,  592. 
Npermatosoa.  592, 598. 

movements  of,  592. 

formation  and  discharge  of,  591 

fecundation  by,  b'.e>. 

entrance  of.  into  egg,  596, 616. 
Spheno-palailne  vanyllon,  475, 497,518. 
Spheres,  vitelline,  CI  8. 
Sphincter  anl.  action  of,  409. 

muscles,  influence  of  spinal  cord  on,  409. 

pupilla',  522. 

vesica;,  410. 

resistance  of,  to  presstire,  411. 
AphyKxnocrraph,  289. 
Spina  beflda,  670. 
Spinal  accessory  nerve,  490. 

branches  and  distribution  of,  491. 

motor  properties  of.  491. 
Spinal  eolnnin.  development  of,  633, 670. 
Spinal  cord.  374,  381. 

grav  substance  of.  374. 

white  substance  of,  375. 

columns  of,  375. 

arrangement  of  gray  and  white  substance 
in.  m. 

transverse  sections  of.  874,  382.  383,  396,  408. 

connections  of  with  brain,  SW. 

transmiKsion  of  motor  and  sensitive  im- 
pulses in,  .^TO.  387.  390,  392. 

sensitive  and  excitable  parts  of,  ."igi. 

channels  for  sensation  and  motion  in,  392. 

crossed  action  of,  .397. 

reflex  action  of,  401.  i 

physiological  action  of,  as  a  nervous  centre, 
405. 

origin  of  vaso-motor  nerves  in,  501. 

development  of,  667. 
Spinal  nerves,  origin  of,  374,  t»i. 

transmission  of  motor  and  sensitive  im- 
pulses in.  365,  m^.  387. 

degeneration  of,  after  division,  353. 389.  .390. 
Spiral  vanKllon.  of  the  cochlear  nerve,  565. 
Spiral  lainlna.  of  the  cr>cblea,  563. 
Spleen,  nerves  of,  499. 
Spontaneous  seuenttlon,  572. 
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Spot  embryonic.  A19. 
Hi»p«dlnii  mascle,  557. 
HtMpes,  &o5. 
Stsrrta.  49. 

jiroductlon  of.  In  plants,  49. 

COIDIHKiitlun  <>f,  4*J. 

quantity  of,  in  food,  52. 

te.'>tJ*  for,  52, 

transformation  of,  into  dextrine,  53. 

Into  sugar.  .W.  143. 

digcstioii  of,  172. 

oxidation  of.  181, 138,  a'O.  . 

Ntnroli  «q  nivalriit,  of  fatty  substances,  ISi. 
Ntarch  vrntuH.  51. 
Nt4»arlr  arid,  65. 
Htenrlne.  64. 

saponificallon  of,  e."). 
HtcrefMirope.  o41i. 
Stonincli,137. 

mucous  membrane  of,  l.M. 

NTrethm  of  gaKtric  juice  by,  153. 

tlstula  of,  152,  l.-iS. 

self  digestion  of,  160. 

process  of  digestion  In,  162. 

peristaltic  action  of,  1»W. 

nerves  of,  4«3, 49U. 

Influence  of  pneumogn.itrio  nerve  on,  488. 

Irritability  of.  in  nn-gnancy.  612. 

development  of,  672. 
StrnbiNmuH,  exU'nial,  (Vom  lesion  of  oculo- 
niniorius  nerve,  4')<>. 

internal,  from  legion  of  abducens  nerve, 
467. 
Mriat«d  bodtefl.  376.  416. 
SIryrhnine.  effect  of,  on  hpinal  ronl,  403. 
MiiblinijirnnI  n«rv«.  (liyiHiglu&wI.)  4t)3. 
Hnblinirnal  aaliva,  144. 
SnbmaxUlary  iraiiirlian,  497. 
Sabmaxillary  irliind.  1  iZ. 

vasomotor  and  dilator  nerves  of,  506. 

saliva.  144. 
Snirar,  54. 

quantity  of,  in  dlflTercnt  substances,  51. 

varieties  of,  54. 

tests  for,  ."V). 

fermentation  of.  .'>7. 

production  of,  from  starch,  5.3. 

m)m  glvcogen,  61. 

in  the  liver,  206. 

ileteotion  of,  in  the  urine,  f!:n. 

internal  proihiction  nf,  in  the  ftetus.  675. 
Mnlphat^H.  sodium  and  poiiw^siun),  47. 

In  the  urine.  S;!l. 
Nnlphocyanoe:en.  in  suliva,  1  l.t. 
Niilphiir,  in  nlbuminons  inntli'i-s.  47. 
Nwallowinic.  413.  444.  IM.  4^7  4<).'>. 
Nympnthotlc  Kaiiiclla  and  nerven, 498. 
Hymnal  hetir  iiorve,  influence  of,  on  tlie 

lociil  circulation,  Wi. 
MympaHietir  NyNt4>ni.  general   arrange- 
ment of,  4'.i7. 

gan);lia  and  nerve.s  of,  VM. 

distribution  of  407.  ■\W.  \W. 

wn^^ibility  and  motor  )M>wcr  in.  4tt9. 

connection  of,  with  special  scU-ses,  4t»9. 

with  the  circulation,  .'>02. 
Syntoninc.  K^. 

produced  In  stomach  dige!>ii<.in,  159. 

Tactile  neiislblllty,  51U. 

iti  the  sicin.  511. 

of  the  tongue.  4f).1. 
Tadpole,  development  of.  621. 

tmnsforniatioii  of.  into  frog,  622. 
Tienla  Nolluni,  .'i75. 
Tapeworm,  roprodiictioii  of  "iT.'i. 
Tartaric  acid,  oxidation  of,  2.JU. 
TaMte.  ."sense  of,  513. 

reiiuisilc  conditions  of,  .')1.">. 

localization  of,  in  tongue  and  fauces',  464, 
.'.1 1. 

influence  of  trigemir'u.s  nerve  on,  4r>6. 

atViM-tion  of.  from  lesion  of  chorda  lympani, 
477. 

taMc-buds,  in  the  tongue,  513. 
Taurine,  vy.i 
Taurocbolatc,  sodium,  109. 


Taaroeholate  In  the  bHe,  im 

in  urine,  SH. 
TanrochoUc  aeld,  109. 

bydiation  of,  109. 

dehydration  of.  109. 
Teeth,  action  of,  in  mastication.  140. 

condition  of,  in  newly-born  iniiknt  TDK. 

change  of,  in  second  dentition.  706. 
Teffmentam,  of  crura  cerebri,  42L 
Temperatare,  animal,  258. 

variations  of,  261. 

in  man,  262. 

elTect  of  digestion  on,  262. 

of  arterial  and  venoun  blood.  2fiSL 

local  elevation  of.  267,  5U8. 

regulation  of,  268. 

effect  of  lowering,  269. 

effect  of  elevatitig.  270. 

moileration  of,  by  breathing  and  peimin- 
tlon.2?2. 

Influence  of,  on  dlfRulon,  816. 

aensations  of,  512. 
Temor  tynnpanl,  555. 

action  of,  5R7. 
Tenth  cranial  nerre,  482. 
Terminal  bnda,  of  BensitlTe  nerve  fibra. 

Termination,  peripheral,  of  nerre  that, 

S48. 
Testa,  fbr  starch.  52. 

for  gluco«?e,  55. 

for  the  biliary  salts,  110. 

for  bilirubine.  99. 

fiir  saccharine  urine.  833. 

for  albuminous  urine,  3S5, 

for  the  urates.  H36. 

for  i>lood,  mucus,  and  pus,  in  the  tuine, 
337.338. 
Teatlclea,  582. 

development  of,  682. 

dew-ent  of.  683. 
TetannH,  reflex  phenomena  of,  403, 401. 
ThalamuN,  optic.  376.  417. 

development  of.  668. 
Thanntatrope,  5.i0. 
Third  cranial  nerT«,  455. 
Thoracic  dact.  201. 

respiration,  237. 
Thorax,  movements  of,  in  respiration.  296. 

development  of,  675. 
Tic  donlonrenx.  4r>3. 
Tonsne,  office  of,  in  ma-stication,  l.jO. 

tactile  sensibility  of,  46."J. 

pamlysis  of.  from  disease  of  medulla  ob- 
longata, 44.'>. 

fr<mi  cerebral  hemorrhage,  498. 

innervation  of  4(M,  514. 

va.vtmotor  and  dilator  ne^^•es  of.  dOR. 

a.s  the  organ  of  ta.'ite.  4ft4,  513. 
Toothache,  from  aflections  of  the  trigeminiu 

nerve,  463. 
Tonch.  sense  of.  510. 

organs  of,  511. 
Trace,  primitive,  of  the  embryo,  619.  636,  627. 
TractM,  moU>r.  in  the  spinal  cord,  8M. 

pyramidal,  395. 

olfactor>-,  448. 

OTitic,  449. 
Tran.«mlNNlon,  of  motor  and  sensitive  im- 

£ulst»s.  In  the  spinal  conl  and  nerve*. 36.i, 
W,  ;W7.  392. 
TranNudatloh  and  abaorption,  by  ani- 
mal ti.sKUes,  310. 
Trichina  Mplralln.  574. 

rej)nKluction  of,  .'■i76. 
TrIchocephaInN  dinpar,  573. 
TrIcHNpId  valvcM.  27S.  276. 
TrigremlnuM  nerve.  459. 

origin  and  distribution  of,  4.'>9.  460. 

I>hv«iological  pn)i)erties  of,  402. 

|>ainful  affection-s  of.  463, 

lingual  brnnch  of.  463. 

motor  brftnch»*s  of.  462,  4<>4. 

Hnnstomotic  branches  of.  4<>4. 

influence  of  on  special  senRca,  465. 
Trommer'n  tCMt  for  flucone.  55l 
Trj  pitlue,  87, 168. 
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Tubal  pr«irnaaiey.  606. 

Tnbe,  Eutitachian,  558. 

Tnber  annulare^  377. 

Tnbercnia  qnadrtvemlna,  876, 450. 

development  of,  068. 
Tnb«M,  Fallopian,  rtUO. 

seminiferous,  5W. 
TiibaleM,  ea.strio,  151. 

inleNtinal.  189. 

uterine,  65(i. 
TnftN.  of  the  chorion  and  placenta,  655,cr)6, 

657. 
Tnnlca  albiifrlnea,  of  the  ovary,  590. 
Tunica  vaKlnallH  tmtiM,  formation  of,681. 
Tttrok.  columnK  of.  395. 
Tweinh  cranlnl  nerve,  403. 
Tympnnnm  of  ibe  ear,  membrane  and 

chain  of  l>onc8  of,  564, 655. 
Tyrosine,  107. 

ITmbllleal  arterieii  and  veins,  forma- 

tiun  of.  aw. 
Umbilical  cord.  661. 

spiral  twist  of,  6fii 

sei>arati(in  of,  after  birth,  70.'i. 
ITnibilical  bernla.  congenital.  671. 
Umbilical  vein,  689,  Oim: 
irmblilcai  vesicle,  636, 640, 66-J,  663. 

circulation  of,  688. 
Urachns,  676. 
Urate,  sodium,  117. 

in  the  urine.  329. 

deposits  of,  3;»,  337. 
Urea,  114. 

production  of,  from  albimiinous  mattem, 
115. 

conversion  of,  into  ammonium  carbonate, 
115. 

daily  qviantlty  of,  115. 

variations  of,  under  fmnl  and  exercise,  116, 
117,  :fc». 

deconiiKxtitionof,  in  fermenting  urine,  3t0. 
Uric  acid,  4.5, 117. 

reltition.s  of,  to  urea,  food  and  exercise, 
118. 

in  tlio  urine,  3.32. 
Urinary  bladder,  innervation  and  action 
of,  410. 

paraly.sls  of,  411. 

development  of,  676. 
Urinary  deposits,  336. 
Urine,  XU. 

Shysical  proj>erties  of,  325. 
ally  quantity  of,  326. 

comyHisition  of,  ;i27. 

reactions  (if,  XSl. 

nlkale."*cence  of,  ft-om  vegetable  foo<l,  46. 

ciirlHiiilc  acid  in,  243. 

nbnornml  InKrcdieiiLs  <if,  3:i2. 

dorM»>its  in,  :{36. 

deconi(K).sition  of.  3.38. 

n-tcntion  and  evacuation  of,  110. 
I'roblline,  Itrj. 
I'rochronie,  101. 
I'rohemntlne.  102. 
lTroNHCine.102. 
I'roMino,  Krj. 
I'roxantblne,  102. 
UternN.  5<Jit 

influence  of,  on  other  orfrans,  612. 

mucous  membrane  of,  650. 

gniwlh  of.  In  pregnancy.  (JM. 

regi-ncration  of,  aller  delivery.  664. 

rtcvelnpnient  of,  in  the  embryo,  685. 
1' tricle.  of  the  internal  ear,  559. 
I'vea,  522. 

VafriiN  nerve.  482. 
Valve.  Ku»tachian,  699. 

of  the  foramen  ovale,  701. 

of  Vicns.M.'ns,  4.'>8. 
ValvoM.  canliuc  an<l  arterial,  27.5, 276. 

of  the  veins,  296. 

of  the  lymphatics,  :<21. 
Vnlviilie  connlventes,  development  of, 

673. 
Vapor,  organic,  in  the  breatli,  215, 248. 


Vapor,  watery,  In  the  air,  240. 

in  the  breaUi,  245. 
Vascular  area,  in  the  incubated  egg,  635. 
Vascular  system.  274. 

development  of,  687. 
Vas  deferens,  594. 

formation  of,  681. 
Vaso>motor  nerves.  500. 

influence  of,  on  the  circulation,  .vw. 

origin  of,  504. 
Vegetables,  as  foml,  127. 
'  Veins,  295. 

Inter-lobular,  intra-lobular,  ami  hepatic, 
174, 175. 

vitelline,  638, 687. 

omphalo-mesenteric,  688. 

umbilical,  090. 

vertebral,  092. 

portal  an<l  hepatic,  formation  of,  605. 
Vena  asyvos,  major  and  minor,  formation 

of,  694. 
Vena  cava.iinpcrlor  and  inferior,  formation 

of,  692,  6m. 
Vena  Innomlnata,  formation  of,  693. 
Vena  termlnalls,  of  Uie  area  vasculosa, 
636. 

disappearance  of,  687. 
Venous  system,  development  of,  692. 
Ventricles,  of  the  heart.  275. 

comparative  thickm-ss  of,  280. 

muscular  fibres  of,  281, 282. 

pressure  of  blood  in.  281, 28.5. 
Vermiform  appendix,  development  of. 

678. 
Vemix  caseosa.  671. 
Vertebral  arteries,  688. 
Vertebral  column,  devclopracut  of,  6!!;), 

685. 
Vertebral  veins.  692. 
Vesicle,  germinatlve,  585. 

disappearance  of,  after  impregnation,  616. 
Vesicle,  umbilical,  639,  MO. 

circulation  of,  f(88. 
Vesicles,  cerebral,  in  the  embrj-o,  668. 
Vesicles,  pulmonarj',  235. 
Vesica  In  scmlnales,  .591. 

development  of,  684. 
Vesicular  membrane,  of  the  Graafian 

follicle,  fi<.)l. 
Vestibule,  of  the  Internal  ear,  558. 
Villi,  of  the  intestine.  l'.t.\ 

of  the  chorion,  61.5,  617. 
Visceral  folds,  in  the  embryo,  677, 690. 
Vision.  519. 

localization  of,  in   angular  convolution, 
439. 

disturbance  of,  from  Icsifiu  of  ojitic  ner\'i>» 
and  tra<'t.'i,  i-<\. 

function  of  cry.Mallinc  lens  in,  .524. 

phyhiol<igical  conditions  of,  :iV7. 
Vision,  double,  ouUside  the  ix>int  of  fixation, 
547. 

from  prcjunire  on  the  cycl»all,  548. 

from  jtaralysis  of  |iatlieticus  nerve,  458. 
Visual  Impressions.  .ViO. 
Visual  perception,  general  lawb  of,  .549. 
Vitelline  arteries.  <i38. 
Vitelline  circulation.  6K7. 
Vitelline  membrane.  581. 
Vitelline  spheres.  618. 
Vlt«lline  veins,  6:». 
Vltellus.  .'>84. 

segmentation  of.  617. 

plastic  and  nniritive,  621. 
Viliation  of  the  air,  by  respiration.  216. 
Vitreous  iMMly.  of  the  eyeball,  522.  52:^. 

development  fif,  669. 
Vocal  chords,  action  of,  in  resiiiration,  2:'>8. 

in  the  voice,  486. 
Vocalisation.  486. 

control  of.  by  nie<lu11a  oblongata,  411. 
Voice,  fonnation  of,  4M,  4N>. 

connection  of  pneunioguKtric  ner^'c  with. 
4W. 
I        of  syiinal  a«ressory  nerx'e,  491. 
.  Volition  and  iK.>rcei>tion  in  the  liraln,  rnpid- 
I  ltyof,371. 
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Tolnntory  motion,  channels  Tor,  in  the 
spinal  cord,  fm. 

Wikter,  in  the  body,  85. 

proportion  or.  in  the  tissues  and  fluids.  36. 

In  the  food,  118. 

uses  of,  37. 

source  of,  36. 

discharge  of,  38. 

fh)m  the  lungs  and  slcin,  38,  24.'>,  266,  272. 

by  the  Icidneys,  38.  32>. 

from  the  fowl's  egg,  in  incubation.  G18. 
Welfrht  of  ornn*.  In  the  newly-born  in- 
fant and  adult,  705. 
Whent.  125. 
Wtaenten  bread,  126. 


Wblte  commiaaare,  of  the  spinal  cord. 
874,383. 

of  the  brain.  378. 
White  of  Mnr,  80. 127.  588.  ei7. 
Wbtt«  fflobnles.  of  the  blood,  219. 

of  the  IjTnph.  309. 
Wlnkiny,  movements  of,  470. 

reflex  action  of,  473,  474. 
Woimui  bodlM.  684. 

Teast,  action  of,  in  fermentation,  57. 
Yellow  Mpot,  of  the  retina,  531. 
Yolk.  587. 

white  and  yellow,  623. 

Xona  pellncida.  584. 
Zone  of  ZInn,  523. 
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aUBHCJtJPTlOIf  RATBS. 


TiiJi  MfettiCAL  Nkws,  whi-n  paid  in  advance       ...  Fivi-  Dullurn. 

''  *'         wbiMi  not  |Kiid  in  advunoc  .  Si-\  l>oll.u*. 

TuK  Amkrican  Journal  op  thk  Mkuical  Sciknck?,  Mrrjctly 

in  advance Five  Dollai  - 


COatMVTATIOX  HATXS. 

Tub  Amkrican  Jodrnal  of  the  Mepical  Sciiocrs  \   nuia,  in  advftiict 

THE  aiEDICAL  NEWS. 


Thf  Mkpicai.  Nbwb  )    Nine  Dollars  p*«f-  an- 


A  National  Weeki.y  Mkmcal  Pkhioimcal,  kacu  Nimbkh  uoNTAf^n.xo  niOM 

28  TO  82  DoUBLK-CoLUUN  QtTAKTO  PaoKS  KXCLUSJVKOF  AHV  t:ftXI6k.V£NT8. 

In  thc»e  days  of  rapid  thonght  and  quick  tmnsmiasion  of  intolligcnee,  the  profcwoo 

dvmand  to  bv  supplicil  with  inl'ormation  at  more  fn'tjiicnt  inttTval;;  than  fomu'rly.     Jn 

Ttx't  finp    t|ii«    ilciiiaiid,   by  convcrtiujf    thu    '■^ Afedtral    J\rir«  tiitd    Ahtlruct"   I'rOtn  ■ 

1\  ton  weokly,  the  publishtirs,  howi'vcT,  by  no  ini'uns  propo«i'  tn  ronlin«>  them- 

to  the  l)*Mit<'n  track.  un<I  !<iimply  to  prt'^ent  iinothcr  medical  weekly  of  the  ordiuiiry 

lur  and  without  dii<tin<rui.ihing  features.     They  are  convinced  that  tin;  prolWsion 

-  to  have  and  will  liberally  support  the  best,  and  the  bcyl  in  <»nly  to  he  obluiaed 

f.-,  -.  lUring  the  collaboration  not  of  a  few  men  only,  or  of  the  in<-n  <  '     I(M;Hlity, 

bill  by  unitiiiii;  tlic  eflort.s  of  the  ablest  minds  of  the  proAinsIuu  tin  'ic  whvile 

f  •jntinent.     T  he  ilijitinjruisliing  chiiracteristic  of  the  "Weekly   X«w>..       ilurtture,  will 

be  lliut  it  will  ln>  the  niouthpieee  or  or;^an  not  of  n  »iingle  clique  or  *ehonl  or  city,  but  nf 

()..    .  „..i...^ir«n  at  larjre,  utul  the  promises  already  rereivetl  nri-     •■''• ■•     '    —  •'    • 

iiiph'd  unanimity  thf  lemlers*  of  medical  tliouglil  ■ 
{!  id    pledge    their  aid  to  its  succcas.      In  ad<liUoiv  tu   ;.,..    v.v^    ..^.,.  ..: 
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iramprous  and  able  fditorial  corps  have  b«*JO  swured,  whose  care  it  will  b«!  that  fTery 
deptirtuient  of  mcdifjil  si-ieiu-e  shall  rvitive  dii*.'  Mtteiirion  and  hv  thoroopblv  rcpr»«"nltii 
in  its  puges.  A  periodical  so  cond«cte<l,  rsiw-iitinllv  prueticul  in  its  chariu»lcr.  witl>  the 
broiui  iind  L'omj)ri*luTisivt'  st-opt  di-Higncd  for  tliK   ""Nrwn,"   bcfonirs  it   i  'it 

every  praftitiotn-r.      It  is  the  ititftition  ot"  all  eonrernod   thut  it  shall  ha  f-"  f- 

fore,  MiitiripHtiii;;  a  riniil.Hlicin  iinpanilli^li'd  in  rai'dical  joiirnalis'ni.  un  am'Mim  or 
will  bf  inven  in  i-a<li  imuiLitT  wi»irli  will  n-iidf r  it,  at  thr  very  niiMirritle  suL»" 
]»ri«'e  of  1*' I V K  1U)KLAI<H  i^t-r  Jinriuin,  the  cheaj)est  perio^licrtl  presenitii  to  the  pt'  ' 

KjK'h  nmiil'er  will  contJiin  from  *28  to  .12  liirjrp  qtinrto  <loublt'-oohimn  pj^ic!*  o; 
matter  (exrlni'ive  of  lldv^'Iii!^eIlH•nt^),   lu-aiitMitlly  printed   on    hiiTnlviiitu.'  i>.ir 
an  exceedingly  dear  type  east  expressly  \'qv  this  purpose,     .Spm-e  wii 
for  an  immense  vurietj'  of  intellij^encv,  which  will  be  distributed  hh'.  ^ 

heiuJings: — 

OuMJiNAL  Lkcturks,  Contributed  by  the  most  prorainrnt  and  ablnst  teachcirs  of  lb« 
day,  will  occupy^  the  openinjr  pa^es.  These  leiMures  will  be  inserted  under  spei-uil 
an'anpement  with  their  authors!,  and  will  he  invariably  revi!»e<l  by  them  Urforv  puhli- 
cution,  thus  unjoying  an  accuracy  aud  authenticity  inip<j«sible  to  attain  by  any  otlirr 
uicihod. 

This  will  be  followed  by  a  department  of  OttinjNAt.  AuTict.KS,  which  will  be  of  ■ 
brief  un«l  practical  nature  (the  jiajres  of  the  "Amtricnn  Juurnal  uf  the  MeeJirtil  Scienee$" 
being  reserved  for  articles  oi' a  more  elaborate  eharact^-r),  euiauating  from  the  be^t  pre- 
fet*5ioiial  minds  of  the  country,  anti  the  same  high  standunt  will  be  observed  in  ljn'ir 
sehition  which  has  secured  for  tlie  '■'Atutricntt  Jnurnttl,"  during  the  sixty-tun-  y4Tirp«c/ 
it#  utiiiitcrriiptcd  [>uidication,  the  enviable  position  wiiich  it  occupii^s  in  the  me<hv«l 
literature  of  the  world,  and  which  hus  caused  it  to  be  regarded  with  just  pride  during; 
thi."  long  period  by  both  the  profession  iiiul  it*  eoIli»b'.»rat4^>rs. 

llnhfiTAL  NoTKS  will  lie  a  feature  ot  the  "■Mtilicni  NKtrg."  It  \»  iiit<'ndv<l  in  thi» 
dcparlnieut  to  utilize,  tor  the  benefit  uf  the  whole  profcMion,  the  vast  and  rich  fton;* 
of  dinictJ  experience  which  uccninuhite  in  the  hospitalN  of  our  country,  aud  wliioh, 
heretnt'ore,  to  a  large  extent,  have  been  lost  to  the  general  uiedii^nl  public.  In  additiaa 
to  the  record  of  interesting  and  instructive  cases,  it  is  intended  to  publish  from  time  to 
time  an  ides  showing  the  loi-al  nietlKHlB  and  pevuliaritica  of  treutmetit  which  an;  prac' 
Used  in  the  various  cities  of  the  Union. 

The  "  ri<«;i(;i!K.H8  ok  Mkkicai.  StiKNCR"  will  next  follow.  In  this  deptirtmrnt 
will  he  presented,  in  a  comh-nsvil  form,  »<talemcnts  «if  the  advances  made  in  thy  vjirioii* 
braiiclR's  of  medicine  and  tlie  collateral  sciences.  For  this  purpose  the  colun^nM  «»f  all 
profisi'tonal  peri(K]i<'aU  of  importance  tVom  every  nuartor  of  the  giot»f  will  bo  carvfullf 
scanned  ancl  utilized,  anil  from  them  a  resumi  oi  whatever  may  be  ol'  interest  to  the 
American  profession  m'iII  W  jireseuted. 

The  KniTouiAi.  ]>KrAKT.MKN-r  will  form  an  important  feature  of  the  "AVvii,"  to 
which  a  lil)crttl  allotuncnt  of  space  will  be  given,  lit  it  will  be  tempcrati'ly  yvt  firmly 
diHcusscd  the  various  live  (iiiestions  of  the  day,  alFecting  the  science  as  well  na  the  nrtw 
fession  of  medicine;  and  all  niooted  points  and  novel  views  will  receive  disttussion  from 
a  large  editorial  sfufl",  convpo^ed  ol"  ^onic  of  the  ablest  minds  in  the  profes,sion. 

Rki-ofcts  ok  Mkkti.vop  iiF  Wkiucal  Sociktieh  will  follow.  In  this  department 
will  ajijurur  authentic  abstracts  of  the  proceedings  of  the  prominent  medicjil  auci^rs  of 
our  con II try. 

Under  the  head  of  News  Itkms  it  ia  intended  to  give  items  of  news  of  ppneml  medi- 
cal int<Tcst.  and  in  order  that  the  earliest  attainable  information  on  such  points  mar  he 
obtained,  au  elaborate  system  of  sp'cial  correspondents  is  l»eing  arranged,  not  only  in 
the  principul  cities  of  the  United  .SiMte.s,  but  througlHtut  the  cjvili^ecd  wurld.  The  ^^fj 
extensive  field  covered  by  this  system  may  be  ftp|iicciated  fnim  the  fa<*t  that  amUt^ 
nients  are  on  foot  with  gentlemen  resident  in  the  following  cities.  In  the  Unhkp 
Statkk:  I'ortlunil,  Bost<tn,  New  York.  lidlimore,  Washington,  Pittsburgh,  Charles- 
ton, New  Orleans,  St.  Loui<,  Cincinnati,  Uhiciigo,  Detroit,  Kanf^aa  City,  and  San  Frua- 
cisco.  InUANAl'A:  llnutieaL  In  tJiuAT  HkitaIiN:  London  and  Edinburgh.  C)« 
the  UoNTiNi-'.NT  OK  Kriun'i-;:  Paris,  Berlin,  Vii-nna,  and  hlorenee.  In  A(*IA:  YoIkv 
hama.  Canton,  Hong  Kong,  aud  Calcutta.  In  Sot'TU  Amkuica:  Rio  Janeiro  aial 
Valparaiso.     In  Ct  ha  :   Hiivana. 

>rcw  publications,  new  inslnmieiits,  and  new  pharniflpeutioal  preparations  will  rtsrit* 
due  notice,  and  there  will  be  a  cohinm  ijevcilcd  to  >ioTB«  ANI»  t,il"»;Mli:e,  which  it  i» 
believed  will  form  u  very  useful  feature  to  subscribers.  In  a  word,  the  "jNV«r»*'  rill 
seek  to  cnmbiiu.'  the  cliaracterisfics  of  a  medical  perio<Iical  and  a  pnifessiMiai  news- 
paper;  its  scopi'  will  be  cosmn|>oliiari  und  it.s  character  national. 

The  '^'Mfdical  .Vf«>*'  will  «]ipear  in  a  double-columned  (puirto  form,  printi'd  by  tk* 
Litest  improved  Hoe  presses,  on  handsome  jiaper,  Irnm  a  clear,  raaily  r»^  trj* 
specially  cast  lot  "its  u»i.    As  «\aV«vl  %V«j\tt,\.W  a\il>w:rlyLion  price  wdl  be  riVK  i»t>tXAJt* 


Hrjjrt  C.  Lf,a*8  Sok  &  Co.*8  PiTBLiCATioNS— (vim.  Joum.  Mfi.  Sn',).    3 


I 

I 


PKH  AKNt'M  IN  ADVANCR,  or  wliefi  iKi^tiii'Ut  iH  dt'tt'iTi'd  ttii  Hdditional  dollar  will  b« 
Kitkod.  At  thi-se  rates  it  will  miik  H*  tliv  clienlM."f(f  ni<-<lini]  {>criodi<  ul  in  iht;  world,  uiid 
lwtu>n  tiikcti  in  conmi'tion  with  tiit-  Amlkican  JdL'K.VAi.  oi  iiiK  Mkimcal  Sciencks, 
Ht  NINE  DOLJ.AUS  ixT  uninini.  it  is  coidtdrntlv  MiMtcd.  tliut  ii  IiirptT  Mmoiiiit  of 
rkiMteriul  ol'  tlu'  liijriK'st  tluss  is  otlercd  tlmii  cun  be  obtained  elbewhere  in  the  world  ut 
even  u  much  higher  price. 

TUB  AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES. 

Edited  by  1.  MINIS  llAVS,  iM.lJ. 

For  sixty-one  yfinn*  tlic  ^'Amerii'ati  Journal"  has  tnititituint'd  \U  position  in  the  fnjiit 
mnk  of  medicnl  lilernturc,  and  it  is  with  no  little  pri<lt'  tlmt,  in  unnouni-iiiji  iIk*  opeiiiiior 
ol'  tho  oiplity-tliird  voliinif  ol'  tin-  n»'W  -n'rifs,  thr  publishers  eati  state  thut  at  no  pn-vioiis 
time  hiiis  the  outlook  lor  it<  pro?pi'rily  been  more  wnspicious.  'I  o-tiay  it  xtatula  iilon*-  ma 
the  only  perio^HcHl  in  the  t,iijrlisli  l)Ui|.MiM^«'ca»pjd>le  ul"  |)n*Mniinjf  eMended  und  eluborut*' 
articles  in  ev«*rv  bmin-li  ol'  mediod  wii-nce,  the  ver\  ehiss*  of  cdntriiiiitidHH,  in  I'aet.  in 
whirh  tioArly  >dl  th«>  ini|Kjrl4iiii  diM'oxeriii*  in  the  jtcienee  hnve  been  conununicHtetl  to 
the  prolessiou.  Jt«  hisitory  is  identilied  willi  that  of  the  ddviinces  ot  inedtcul  knowledge, 
itit  eolluborators  inclutk*  the  nunies  ot'  all  the  most  diMinguished  medical  writeni  of  th« 
country,  and  its  eirt idation  ia  toextensive  with  the  iis«r  ol   the  Kncr|i<«h  lantriiNge. 

AVith  the  issue  for  •Innuiiry,  18H*2,  the  size  ol  the  "Journal'*  will  l>e  permanently  en- 
larged by  the  Hilditiou  of  from  l(i  to  "in  ]»!•;(.•:}  in  euch  nunih>er,  to  all'onl  .xpnee  for  the 
initertion  of  the  more  valuable  portion  of  the  mMterial  which  heretfltbr«i  hiu  been  fur- 
ii);)hed  to  gubstTihers  in  the  "Monthly  Ai>strnc*t. '* 

During  the  eoming  year  the  ".Jounuil"  will  prcwnl  in  its  oitloiXAi.  JttcfAttTMKNT, 
n  conlinnation  of  elabnnite  articles,  from  the  pens  ol  the  mouC  eutiiieut  member))  of  the 
tiroleHttjiin  throughout  the  i.-nimtry. 

Following  thiti  is  u  lavikw  oktaktmknt,  eontaining  extended  review*  of  proni>> 
iiont  new  work?*  and  topics  ot"  the  day  bv  competent  writeris,  together  with  numerous 
aniilytieul  und  bibliographieul  notices,  giving  u  tkirly  couiplcte  survey  of  medical  liti-ra- 
ture. 

Then  follows  the  tjcAKTHRLY  *1'Mmahv  of  imi'u«»vi.mknts  «nd  r>i(j<.«>VKRiEi»i  in 
the  MKUH'Ai.  >^c'iKN<'i'.s,  cla!<!tilied  iind  arranged  under  various  heads,  ai.d  furuishing  u 
digest  of  luediral  pnigreM,  nbioad  and  at  home. 

The  subHrri|itioik  prti  e  U)  the  Amkuican  JodtNAI.  iiF  TlIK  MkdicaL  SciRNCKtt  hits 
never  been  raised  during  it#  long  cureer.  It  isstillfleut  free  of  po«tHge  for  Five  l)olliini 
per  annum  in  advance. 

Taken  toj/ether  the  ".lournal"  mid'  "  Newn"  comlane  the  advafitage^  of  the  cLibo- 
ratt'  prejiaration  tlijif  <"iin  Ik*  devotetl  \u  a  «p»art4Ti\,  with  llie  prompt  <-oiivi>yanee  of 
intelligence  by  the  weeLly  ;  whih-,  the  whole  lieiug  is^ueil  niidcr  the  same  general  »up«r- 
viitiou,  the  subscrilxT  is  hy  «|H.*eial  management  MH:ured  ugaiu.'tt  the  duplication  of  mutter 
inevitable  under  other  (■irciiinstniu'i-!«. 

It  will  thus  be  5een  that  for  the  very  moderRte  auni  of  NINE  DOLLARS  io  advance 
the  suWribiT  will  receive  free  ol'iKwfuge  «  weekly  and  a  ijuxrterlv  journal,  both  repre- 
senting the  nio^r  :idrHnt-ed  condition  of  the  medical  si-ienccK,  and  (-onti<iniu>'  an  equivalent 
of  more  than  42tiO  octavo  page,-*,  stored  with  the  choicest  material,  original  uimI  iielecte«l. 
that  ean  be  furnished  by  the  b«'st  medical  tnlent  ot  both  heuiinphereii.      It  would  Iw  im- 

{>o*sible  to  find  elsewhere  so  large  an  auunint  ol'  matter  of  the  same  value  ottered  «i  tto 
ow  n  price. 

(jentlemen  desiring  Io  avail  iliemHclviit  of  the  advantages  thufl  offered  will  do  well  to 
forward  their  subscriptions  at  uu  early  day,  in  ordvr  to  iuiiurt:  the  rev«ipT  of  eomplettf 
*ets  for  lhM2. 

^fif  The  safest  inwle  of  reinittanc*'  is  by  biink  chci"k  or  pwlal  money  order,  drawn 
to  the  onler  of  the  undersigned ;  wh^re  the.^e  aiv  not  at-cessibU-  ifuiittjnces  for  sulti>M-rt|w 
liouM  may  Ih;  made  at  the  ritdc  of  the  publi^thers  by  forwiinling  in  ilajitlertd  letters. 
Aildrtfss, 

Hkxuy  C.  Lka'h  So.n  &  Co.,  No*.  706  and  70H  San^oin  St.,  Phila.,  P». 

•  ^  •  Cnmmunientinns  to  both  these  periodicals  art*  invited  trom  genlJeinen  in  all 

i)*rts  of  the  country.  Original  artich-^i  contributed  exclu-tively  to  either  (MTKitbrHl  ant 
ilM-rnlly  paid  for  n|Hni  publication.  When  necestary  to  elucidate  the  text  illustrations 
will  be  furnished  ivitliiiut  ci^isl  to  the  author. 

All  Ifltem  pertaining  to  the  titilorutl  drparinttnt  of  th«  Medical  N<>wa  and  the 
American  •lournul  ot  tiic  Medical  Sciences  should  bv  addrrswd  to  tho  Kditumial. 
Okkickh,  1004  Walnut  Sireet.  Philadelphia. 

All  letters  pertaining  to  the  l)u»iufH»  ilej>artmert(  of  ihrae  journals  should  h<»  H<klr«wai.'d 
efclu«ivtly  to  UilMkv  C.  Lila'o  Sum  \  Ou.,  7uti  and  70tt  Saiutouv  %^1Jc^^v■^^  V\»4*. 
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nVNGLISON  (ROBLEY),  M.D„ 

Lat*  PrufettQrqf  liuitUutu  of  Xndtcint  (n  J^j^mon  MtiiaeU  Oolhg;  PKUad^tphl^ 

MEDICAL  LEXICON;  A  Diotionaby  of  Mrdioal  Soikkoi:  Cob* 

tnining  a  conobe  e^planntion  of  the  various  SubjeoUutdTerBi  af  Anatony,  Pbjrtlalegj, 
Pathology,  Hygiene,  TL^-rupeulics.  Pharmaoology,  Pbarmaojr,  Svrgery,  Obrt«trk».  JI«4ie>J 
Jurii^pratienoe  and  Dfmi.strj.  Notices  of  Climate  and  of  Mineral  Water*  ,  Formola  tat 
Officinal,  Empirical  and  Dietetic  Preparatiuna  ;  with  the  Accent uutiun  and  Etjiaolug^  •! 
the  Terma,  and  the  French  and  oihcr  Synonyines;  so  aiji  to  C'>tj<titat«  a  French  a«  well  4i 
English  Medical  Lexicon.  A  New  Edition.  Xhoroaghly  Rerived,  aad  Tery  greatly  Mod- 
ified »nd  Angmented.  By  RirBARt>  J.  Pr3«OLr.sofi,  MD.  In  one  very  Inrgc  aad  hAsrf- 
soineroyal  octavo  volume  o<  over  1100  pages.  Cloth,  $6  60  ;  leather,  raided  band«,  $7  &*.' 
half  Russia,  i8.     iUttely  Issued.) 

The  object  of  the  author  from  the  ontset  baa  not  been  to  make  the  work  a  mere  iexteon  or 
dictionary  of  terma,  but  tonffurd,  undereach,  a  couden?edviewof  ita  various  medical  relatioBi, 
and  thuft  to  render  the  work  nn  epitome  of  the  existing  condition  of  mediealacEeoce.  6t»rtiaf 
with  this  view. thelmmensedeuaand  which  ha»  exiated  forfhe  wnrk  has  enabledhim.  tn  r«pe«1«i 
raviaionB,lo  augment  its  completeness  an  duaefulneM.  until  at  length  it  b»5  attained  the  poaittei 
of  A  reoogniied  and  standard  xuthurity  wherever  the  longn"-'-  ■-  -"■■■'Ten. 

Special  pains  have  been  taken  in  the  preparation  of  the  i  ion  to  maintiiia  thi«  •■• 

viublereputalion    Daring i he  ten  yettrs  wbicb  have  elapsed  b<  ;  revision,  Ih^  sl'i  tioni 

to  the  nomenclature  of  the  medical  itoience»have  beengreotcr  tb^iii  pciLups  io  aoj  t>i 

of  the  past,  »nd  up  to  the  time  of  his  death  the  author  labored  ajt^iduoui'ly  toineu-  -y> 

thing  requiring  the  attenti'>n  of  the  ?tudent  or  pratti'-ioner.  Since  tb«n,  the  cdiH.r  i.-  ■..tea 
equally  indnalrioBs,  ao  tb«l  the  uddilionB  to  the  vooibulary  ar»  more  niimcmuR  tb:in  in  any  fr*- 
vioua  reviniun.  E^pt^ciul  attt- ntion  huft  been  be.itowed  on  the  aooeotuation,  which  will  b#  fnoad 
luiirked  on  every  word.  The  typigrapbinal  arrangement  haa  been  macto  itnproved.  rendering 
reference  murh  more  easy,  and  every  core  has  been  taken  with  the  mechanical  «a«eiUinn  The 
work  has  been  printed  on  new  type,  itmall  but  exo<^ediiigly  clear,  with  an  enlarged  pagt:,  to  that 
the  uddilioDE  have  been  iuci.>rpotiUed  with  nn  incrt'iii'c;  ui  but  little  over  u  hundred  pagee.ttid 
the  volume  now  contains  the  matter  of  at  least  four  ordinary  octavos, 

A  book  w«ll  known  to  our  reader*,  anJ  of  wbirtt 
rrery  Aniurl^^itn  on^ht  Ui  be  pmod,    Wbcn  ttii;  learoiiU 


ntUut  of  tt; 
the  mlTm 


-?i->]  away,  iirobalily  all  of  ii» 

"uld   uot  irmiutjtin  its  place 

«l.n«i.t,.riti.i  itdetioKB.    For- 

'    -     'i  -'D,  hbt  liiK  K-'^lHtt^l  blfi 

'I  nlitiuur  of  lliv  work, 

!>»•■{  in  'hf  mt'Iliudii  kuiI 

'     '       ■    I'ti  hIjIi'  to 

.r  to  the 


vfitii  tnc  ■'pint 
not  in  till"  piKol 
Bf  ^ol■.k  iMilors,  (•0  1  .   f'f  intel- 

:    I    ,bul  ti'  <'<\\<  It  II-  H-.vi.rk  ■  '    •      •  ■     ■ 
10  carry  it  fuj  tlfadily,  »■ 
il,.  I      .|.>iJK  the  tfr(io»t<f  ol  thnu 

•itravelli'il  'luritit  it*  llfttimtj.    To  »liow  tlif 
of  tUplohk  wliich  Dr.  UunglJAon  linf  iixkudi' 
riod  through,  it  U  only  tiwi-jf'iiry  t"  stuli-  i 
IbaD  i>lx  tbonpaoJ  new  eubjec^t^  buve  bc«D  KiliJi-il  lu  ( In- 
pre»onlotlilloo.— i*'t«fa-  J/f  <'•  Times,  J«d.  3, 1874. 

AboottheQrst  book  purcbu»e<J  by  thv  utvOlcsl  stn- 

dent  Ih  the  Medical  r)i(;ti(>nary.    Theleslrou  ttxptana- 

tory  of  technlc«lter«ni»«linpIyRiin''<7Mi>  ton.  Id  a 

•  ieufre  so  extensive,  anil  with  juchcollutiTBUBO  mvdi- 

ine.  It  Is  as  much  n  nwe^nity  hUo  to  tbi'  practising 


mHjr  fafeiy  couflrm  the  hupc  T«ntur*<l  by  the  tidilor 
'■that  tho  work.whirb  ^r,^.,--,.-  f,,r)i(tn  n  trlti' ii»  »#1| 

»K  an  Indivlilu  .' '    :  rt* 

tlDHHUfp  of   '.  ..  ^ 

ftKadurdautl  .*f 

Ith»«tb«r  •  J  U*»  avfltti 

tntbeBaflt'  v-aad«rieai«e 

r«f8renea».  —  /.  • , 

Ai  a  fitaadard  wurk  of  ref«>renee,««  itam  of  the  beet. 
If  uot  the  vary  r>««l.  innittrul  iticllnnKry  t«i   <!>«   Rig. 


■^mhIoo.     TL. 

ork,  whlcli  , 
<iu  Iboassad'-  -i  r  . 
liabla  in  enr^iuod 
Hone,  bal  witb  whi 
fnuillUr.  Tb<<  wi) 
want.— Jw-  J'lurH 


.    I'l'i  ■!•'    ijt    limy    » (if..| 
•/  rhnrm..  F.«b    JS7«. 
A  valaable  dletlotiitry  of  (be  larius   >-n, ; 
medictee  acd  tlif  sUled  aelcacas,  an 


ttiW 


'i  la 


tMivslnian.    To  mi-ut  the  waotft  of  stndi-ntfl  and  most  I  U^DS  of  the  •objects  treated  uucl«r«s( 

'    'J    .   .  -t       .1    »■ .    u-    _    .    1    ..       1    ..  111.    I  Bi>cl>  vraal  crmltl  nn    ir.   jil.I..    ki..^.l. 


physb-inni,  the  dictionary  nnii«t  be  ro-ni-n  .■!  whilf 
e.iiiiprehendve.and  practiosl  wblle  i  It 

wsiibeca«BeOanKlieOD>  roi-t  tbMv  111  Ml 

b.MiBtiKatoncethc  dlcllonarjof  K>ni' III  'H't 

aii-lieinv  was  itudied  In  the  KD<;li^h  lauKUHi^c.  lu  nu 
ff.i-iiierreTlsion  hav.?  lhriiLlteriition«<  snd  mlillilons  brcti 
B.../.-eat.  ,VIv>r>iiUau><ixtiK>iinantlnew«ubj<?ci».ttndt"'rsu» 


Ueol*  great  crndit  on 
wi>ll  deMervtit.  ib<i  m  i 
obtained, —/<r<ri«/> 

Few  wurk*  of  thja  . ... 
luxiit  of  (iHtleot  ronnnrtib 
extent  uf  ifae  ml«  ■.f  itil. 
Ilfjr  to  ll>  utefulRMiia.atnl 


l.tv    An 


i*»i5  biieDa(bl»l.Th«cliifftermsbnrpb<'«'OH«'ttn  black    ferr«d   by  Or.  K.iblry  OiiDgU^un  uu  i 
i>-it<T,  while  tbi"  din-iviilivi'ii  foll'iw  ic  !<idhII  caps:  an    and  indeed  oa  olbere,  by  li«  liana. — X  ■ 
arrangfoient  which  greatly  facilltales  refer^nr*.    We  1  May  13.  lR7i. 

fJOBLTN  (RICHARD  D.),  M.D. 

A  DICTIONARY  OF  THE  TERMS  USED  IN  MEDICINE  ANJ 

THE  COLLATERAL  SCIESCKS.     Jlevised,  with  nnmerouf  additions,  by  Isaac  Hal 
M.  D.,  Editor  ol  the  '*  American  Journal  of  the  Medieal  ScieooM.'*    In  one  large  royal 
l2mo.  volnme  of  over  500  donble-cotamned  pages  ;  i^loth,  $1  &0  ;  leather,  f  2  06 
U  le  the  best  bo<^k  of  deBnltloas  we  have,  and  onglii  always  to  b«  apqn  the  atadeat'e  tablai— j 
Hid.  and  aurg.  /oi»maf . 


nODWELL  {G.  F.),  F.R.A.S.,  ^r. 

A  DICTIONARY  OF  SCIENCE;  Comprisi'np  A«itponomy,  Cliei 

ietry.  Dynamics,  Rlecrtricity,  Heat,  llydrodyntHnioc,  Hydr<ifi;tii.i<i,  Light,  Magnetnai 
Mechanics,  Meteorology,  Pneumatics,  tiound  and  e^tatics.  Preceded  by  i»n  XaaaTon  ih* 
Uistory  of  the  Pbysioal  Sciences.  In  on*  handjtoma  octavo  folliina  of  694  pAg«a,  with 
many  illuatifctionb ;  cVovh,  %6. 
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filA'S 


?0.'8  PUBITCATTOW*— ( lffln««?«"). 


J  CRXTURF  OF  AMERICAN  MhWICINE.  lT76_lH7i;.  Wj  I>ortor«  K.  H.' 
•^^  CUrk*.  B  J.  Bigelow.  8.  D.  Or<>M,  T-  0.  Thfttnt*  and  J.  8-  BUIiogi-  InotieTary  hkttd- 
eome  l3mo.  rolome  of  about  ^{50  pagM  :  oloth,  $2  3&. 

Tbtf  work  app«nr«d  io  the  page*  uf  the  Americnn  Jouraut  of  the  Mfdi«ol  Sewoettilarbig  tb« 
MAT  1874.  Akr  detailed  tfrcnont  of  tb«  iier«lopaiaol  of  in)MiiraW(<it<arD  m  Amsrioa,  bjr  gebtlff. 
■ten  of  tba  htghei (  nuthnrity  in  their  r«xprctive  {ii-pHrttueulM,  lh«  profeniuowill  fto  doubt  wel- 
S«ma  it  ID  a  form  adapted  for  preservation  and  referatitfe. 


iV' 


JEILL  {JOHN),  M.D.,  and     QtMITH  {FRANCIS  G.),  M.D., 

*^    Pro/. <iftlkKrtufttute*n/  Jt'dictn*  tntka VnH  efPtnn*. 

AN   ANALYTICAL   COMPENDIUM   OF   THE   VAKIOUS 

BKAKCHKH  OF  MEDICAL  SCIENC£  ,  for  tb*  Vtt  and  Kxamiaatlon  bf  Blud«n|ji.  A 
Bt«  edition,  rtrUed  and  improved.  lu  one  v«ry  large  and  handauuieij  printed  royjil  ISniv. 
rolume,  o(  about  on*  thoutiand  page*,  iritb  374  wood-cntv,  oiotb,  %4  «  vtroBgly  bouad  ia 
leather,  witb  railed  bands,  $4  76. 


TJARTSHORNR  (HENRY),  M.  P., 

ft'tf'ttor  of  Hyj/i>n*  (n  fA*  tTnivfrtUy  of  P(rniMY(«>m<a. 

A   CONSPECTUS   OF   THE   MEDICAL  SCIENCES;   contniuin^ 

Bandbookn  on   Anatomy,  Physiol' --    ''' ,  -    Materia   >Ii«<li")i,    Pr     ■       !  "    ■ 

Surgery  and  Obstetrics.     Secomi  I  iIt  revised  un-l  liufiru, 

royal  I2tno.  volume  of  more  thiUi  ; nnteil  pege>i,  wilb  i'T             ;        ,_.  ju 
wood.     Olotb,  $4  3&;  leather,  $&0U. 
We  eaa  nkyirlth  ihr  »lrl*ti>»t  trnf  h  <<i«»  Ir  t»  th*  >  irtrTthy.    Tf  »fTii1ifnfifniti«t  \Vf^  \  e4tl«pit«tai,  tbef 

be«t  ifork-'f  (lif  li :     ■         ■  >   'ree  

1 1  ^mhuilter  to  t  r  ; 


..JelT.  I0T4. 

m.  vj 

1. 

1  It' 

■           '    •          ■     -•'-  ■ 

-  tin- 

J./..  .*. 

4<»ai-' 

,..b 

Aflar 

i>  h  iht*  eoc*! 

lt-|r    ■ 

—  .V    1      H 

i.)l- 

v«>  ar<ii  . 

pIcU  tTitk.  I..!!".! 

•    !•  tb"   ir,^- 

iIwUIUdJp 

ttrt 

that  we  heVe  •mn- 

iif  tbe  klo(i 

1  1. 

Thn     f.w..,    n:<l>     < 

b.»Ucl.- 

-Pucijic  Mfd.  ami  Hurt;.  J '/urn. ,  A 

Ttiia 

la  the  tsmlxiokof  \l«  ktml  thiit  wt< 

rougba*  torvederit.soUraaUgoev.eBitretyiretT'i  vorr^  M*d-  i/#r<uU.  Oct.  lS7t 


rUDLOWiJ.L,),  M.D. 
A   MANUAL  OF  EXAMINATIONS  upon  Anatomy.  Physiology, 

Surgery,  Preetice  of  Medicine,  Ot>»telrio6,  Miterla  Medtca,  Chemistry,  Pharmacy  and 
Thernpeutici.  Io  which  imdiird  .i  Medical  Formulary.  Third  edilioa,  tboroiagbly  revteed 
sod  greatly  extended  and  eahirged.  With  S70  illuftrationn  Id  nne  handeotse  rcyal 
12a)o.  volume  of  St«  large  pigm.  Cloth,  f  1  25  ;  leather,  |3  76. 
The  arrangement  of  thii<  vnlome  in  the  form  of  quegtion  andaniwer  rendere  it  etpeeiAlly  «uit- 
able  for  the  office  examination  of  f  todeQtt,  aqd  foT  (buse  preparing  for  graduation. 


M   «■]> 


BANNER  {THOMAS  HA  WITES),  M.D^^c 

A  MANUAL  OF  CLINICAL  MEDICrXB  AND  PHYSICAL  DIAG- 
NOSIS. Third  Americtn  from  the  Second  London  Edition  Revt»ed  and  Enlariged  by 
TlLSCBT  Fox,  M.  D.,  Phyaioian  to  the  8li in  Departnent  in  (tnivertlty  OaUeve  UoMpltAl, 
London,  Ac.  In  one  neat  volume,  f  mall  13mo  .  of  about  STS  page*,  cloth,  ^1  M 


Hbnbt  C.  Lea'b  Son  &  Co.'s  PuBLrcATioNB — (Anaiomy). 


61  RAF  (HENRF),  F.R.8., 
'  LM^urer  om  itnoiirmy  ul  HI.  (heorff*'t  Botpitat,  London. 

ANATOMY,  DESCRIPTIVE    AND  SURGICAL.     The  Drmwfofi  hj 

H.  V.  Cartbr,  M.D.,  and  Dr  Wbstmacott.   The  DisseotioDg  jointly  by  thr  AoTaottand 

Dr.  Cabtrb.     With  un    Introduction    on    General    Anatomy  und   Developoient  by  T 

UoLuas,  M  A-,  Surgeon  to  Si    Ueorga'a  Uottpital.     A  new  Americso.  frc^  '  ^^  ^--htk 

enlarged  And  improved  London  edition     To  irbiob  is  added  Ibe  8e«ond  Anir-  ii* 

latest  Boglich  Edition  of  "  Landmark*.  Mbdical  aho  Sukoical,''  by  Lut  <  kv, 

P.R.C  S  .author  uT"  Human  O^ileology/'  "A  Manual  ol  DiB«ect\oiif,"    eto.       Id  oo« 

mugDiBcenl  imperial  octavo  volame  ol  983  page*,  iritl  f>22  large  and  elaborai*  angra<- 

ingB  on  wood.     Cloth,  tfl  ;  leather,  raised  band».  $7  ;  bnlf  Rasmia,  fT  50. 

The  author  h&ti  endeavored  in  this  work  to  cover  a  luore  estendeurangk  u>  subjects  than  la  ess- 

tomary  io  the  ordinary  text-books,  by  giving  not  only  the  details  necescary  for  the  student,  bot 

alto  the  applicationof  those  details  in  the  practice  of  medioine  and  surgery,  thus  rendering  li  botk 

a  gaide  for  the  learner,  and  an  admirable  work  of  reference  for  the  active  practitioner    The  eo- 

cravings  form  a  special  feature  in  the  work,  many  of  them  being  thesis*  of  nature,  nearly  ill 

original,  and  having  the  names  of  the  rarioas  parts  printed  un  the  body  of  the  nut,  In  place  iif 

figures  of  reference,  with  descriptions  at  the  foot.  They  thus  form  a  complete  snd  splendid  series, 

w  tioh  will  greatly  assist  the  student  in  ubtaining  a  clear  idea  of  Anatomy,  and  will  aUo  i«rv«t« 

refresh  the  memory  ol  tnose  who  may  find  in  the  exigencies  of  practice  the  nee»*eity  orr*«alho| 

the  details  of  the  dissecting  room  ;  while  combining,  as  it  does,  a  complete  Atlas  of  Anatomy,  witi 

a  thorough  treatise  on  «yatem:itic»  de<<oriptive  and  applied  Anatomy,  the  work  will  be  found  of 

etAential  use  to  all  phy«ician8  who  receive  students  in  their  offices,  relieving  both  preceptor  tod 

pupil  of  much  labor  in  laying  the  groundwork  of  a  thoroagh  medical  education 

Sinne  the  appeurnnoe  of  the  lost  Amerionn  Edition,  the  wvrk  has  received  three  re^-fsinnsat  Ihs 
hand4  of  its  accomplished  editor.  Mr.  Holmes,  who  baa  sedulonsly  tnlrodnced  whatever  haoeeaed 
requisite  to  malotain  its  reputntiun  as  aoomplete  and  auth'iritAtive  standard  trst-book  and  work 
of  reference.  Still  further  to  increase  its  uncfulneHa,  there  hns  been  appended  lo  il  the  rrerat 
work  by  the  distinguifhtd  unatomist,  Mr.  Luihrr  Ilnlden — "Lnndmnrkt.  Medicitl  and  ^Qrgio«)" 

which  gives  io  a  clear,  condensed  and  syHtemntic  way,  all  the  information  by  which  tbe  prse* 

titioner  can  determine  from  the  esteniul  (lurfnce  of  the  body  the  pocition  of  internal  parts  Thas 
complete,  the  work,  it  i«  believed,  will  furnish  ull  tbe  assiiitaoce  thai  oon  berendrred  by  type'>nd 
illustrktion  in  anutnmioivl  study.  No  pains  hove  been  spared  in  the  typugraphioal  execution  of 
tbe  volume,  which  will  be  found  in  all  respects  superior  to  former  issues.  Notwitb^iaoding  the 
inarense  of  sise,  amounting  to  over  100  p;ige»  and  57  illujtriitions,  it  will  be  kept,  as  herctofcrs, 
at  a  price  rendering  it  one  of  the  cheapest  works  aver  offered  to  the  Am^rieas  pr(%fec«ioo. 

I'be  receoi  work  of  Mr    Huldao,  which  was  oo- ,  lo   eoo«uil   hi*  buoks  on   Anatomy     Tbe   werk  U 
tloed  by  as  oo  p.  &^  of  ibia  volume,  bat  breu  Kddecl    *iinpljr  iadUpea^Hble  eapwtlAllT  tfaU  pr*^<*al  Aaier* 
ai  an  appeadlK,  so  tbal,iilluget|]«r,  ihU  I*  tbe  atost  I  ioAU  editlua.— Ka.  Jfed.  Monthly,  Sep*  laTI. 
prsclteal  and  complete  aoBiniiilcal  irnallie  aralUble        „,,         .  .,  ,         *    v  >. 

to  American  Btodenis  and  phy.lclAos.    The  fori»*r        1"*  addition  of  the  rswat  work 


Able  keetloo  by  Mr    Hi>l<i«o.l*  all  ib«t  w^tll  b« »•••>• 
Hal  lo  Ibeia  lu  prssilee.— nA(A  MnJuai  fecvrtl". 

Aag   1678. 


will   Bud  all  that  will  be  eNneutUI  to  him  La   his 
praetlva — A<w  Rtmtii-ta,  Aug   167ft. 

This  work  U  as  oesr  perreotiua  as  ooe  eoald  pos- 
sibly or  reaiooably  expect  Any  book  loteaded  as  k 
leKt-book  or  a  geuerai  reference  book  oo  •oAtouiy 
to  be  The  AcnertoAa  pitbllsher  deserves  tbe  tbsnki 
of  the  profeMloa  for  sppeadlag  tbe  receoi  work  uf 
Mr.  Uotdea,  "/lawdniarAs,  Mitalcalnnd  B^irffieat," 

wblcb  has  alre«dy  been  comuieoJed  a«  *««P«rAie    itlfhtedUlonf  thruutrli  which 
b.iok.     The  lakler  work— trentlug  »(  lupugrapbieal  ^  neain  to  leave  outhlug  fur  fnlnt 


It  >s  dtffloalt  to  speak  in  aodaratatarBie  of  Ikls 
asw  edIltoD  of  *'0r«7."  It  ••«iiia  to  He  ■•  acsrlf 
perfect  an  It  ts  poaskble  to  msk*  a  lH>uk  devoid  t« 
»Dy  braneh  of  medkesl  selenea  Thf  ini.i.r*  (>f  ike 
eminent  men  wiio  h«v*  (ucc-'  <r,it»4    tbs 

J.  w«al4 
.10.     Tbs 


II' 


snfttomy— has  berouie  HD  eiiaeullHl  to  tbe  library  uf ',  t.ddltlun  uf  Holdee's  "  Lsndni«r k>"  •riii  ipAketlss 
every  loielllgent  prsctiliouer.  We  keow  of  no  I  ioai«p«ii*Abi«  to  the  prsciiituDer  uf  metlielBe  sstf 
boiik  that  CKQ  take  Its  place,  written  aslt  Is  by  a  dorgery  a^  It  ha"  beea  lieretofore  tu  tb*  »iud«al  As 
most  diatlngoUhed  anatomVsl.  It  woold  be  simply  rvgardr  eompleteaess,  «»aie  uf  refereBoe,  nttltty, 
a  waateof  word*  to  say  auytbtngrnrtber  in  praise  beiAutj'.  and  obeapn***.  U  has  au  rival  K«  tie- 
of  Qriky's  Aaatom  j.  tbe  iRXi-took  In  almost  every  d<^al  sbuuld  entitr  a  medical  school  wliboaltt;  as 
madlcAl  college  In  this  eonnlry.  sad  tbe  dally  refer  pbysitUo  can  afford  l»  have  H  abaeni  froai  bis 
•ace  book  of  every  prAeiiUoanr  who  has  oceaalua  j  library  —St.  LovU  Olim.  Jlteord,  8«pt   187S. 

Also  ton  salb  bbparatb — 
OLDEiS  {LUTIIEH),  F.R.C.S., 

Sur^snm  t'tHt.  Barthoiomtw'  *  and  Iht  Fo-Kndlinff  [{nnjtitnlt. 

LANDMARKS,  MEDICAL  AND   SURiJlCAL.     Second   Atnerirjin, 

from  the  Latest  Revised  English  Edition,  with  addiltons  by  W.  W.  KitsiS,  M  D.,  Prof,  ef 
Artistic  AnAtoiujr  in  the  Fenua.  Acudemy  of  the  Pine  Arts,  formerly  Lecturer  on  Anat- 
omy io  the  Phila.  Soboot  of  Anatomy.  In  one  handsome  12uio.  volum«,  of  aboat  Ul 
pages.     Clulh,  SLOO.     (Ju.<>f  Rttuiy.) 

This  lUile  book  li  all  that  can  b«  desired  wtibin  ,  tbia  little  rolnme,  will  refrain  from  parrha^lef  It. 
tt>  scope  and  u  eonrenia  will  be  foaod  slmp'y  in.  <  It  teaehsa  diagouala  by  exiarnal  ^xt-'  -  -  ■■  -  .  en- 
valuable  tu  the  yuuog  aargeijo  or  phyaieUn,  uluce    lar  and  palpable,  of  ibe  bti>ly.  wliL  uU 

they  being  be'Ore  bint  *dcU  data  as  he  re<tuiie«  at     e<l  aud   pbyaiu logical  I»e(a  »  d»rr<  iis 

every  ax»uilDallon  of  a  paileut.  It  Ik  wrillen  )n  »u  jeoi.  It  l"  eniiuemly  tbe  atudau  •  .lu.i  r«ua4 
lAUgUrtge  «o  clear  and  couum  that  one  ongbi  almost  prac.liioner'sbouk.— /'A|r*<efa»  and  4itrp<r««i,|iov. 
to  Itara  U  by  b«ac(.    Ko  niaaaui,  oaca  Vj.«  Xis,*  >««u  ,  VmV. 
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A  LLEN  {HARRISON).  M.D. 

^*-  Profrannr  of  PSyniolo^y  <»  th*  Cntts.  of  Pa . 

A  SYSTEM  OF  HUMAN  ANATOMY:  INCLUDING  ITS  MKDICAL 

and  Sorgick)  R«l»tionB.  Far  the  Use  of  Practitioners  and  Stu<i«Dtitor  Medicine.   Wilh  an 

Introductory  Chaptrr on  Hlototogy   By  E.  0.  Shakkjiprarb,  M  D  ,0|ihthiiltunlngifttu  Ibe 

Phiia.  Uo^p.    In  one  lar^e  and  handsome  qaarto  volume,  irith  several  bandrcd  nrisinal 

iilnstratioDB  od  litbof^raphic  plates,  and  Dumerons  wood-cnts  in  the  text.     C^Aorr/y.) 

In  this  elaborate  work,  which  bag  been  inactive  prepamtinn  forsevoral  years,  theubtbor  has 

■ought  t«give,  not  only  thedetailr  of dejicriptive  anatomy  in  r  clear  AndcoDden!<i*<i  forni.  but  nUo 

the  practical  applications  of  the  teieoce  to  medtoine  and  Barbery.  The  work  t  hn;  hiiB  olairo«  upon 

the  attention  of  the  general  practitioner,  as  well  as  of  the  student,  enabling  biin  not  only  to  r«- 

fresh  his  recollections  of  the  disreoting  room,  but  also  to  reo»giiiie  theiignificanca  of  all  rari«> 

tions  from  normal  conditions.     The  marked  utility  of  the  object  thus  sought  bv  the  author  l» 

self-evident,  and  his  long  experieoco  and  assiduouf  devotion  to  its  thorough  development  are  » 

BuRlcieni  guarantee  of  the  manner  in  which  his  ainip  have  been  carried  out.   No  paio>>  biiVe  been 

spared  with  the  illustrations.  Those  of  normal  anatomy  are  from  original  diaseciionr,  drawn  on 

ilone  by  Mr.  Hermann   Faber,  with  the  nome  of  every  part  clearly  engrnved  upon  the  Ugure, 

after  the  manner  of  *•  Holden"  and  "  Qrny,'.' and  in  every  typograpbioal  detoiJ  it  wit)  be  the 

effort  of  the  publishers  to  render  the  volume  worthy  of  the  very  distinguished  puiiiion  which  is 

anticipated  for  It. 

T,V.LIS  {GEORGE  VJNER) 

•*-'  Emtriius  fV<>/fs»or  o/  Anatomy  in  UnivmrHty  CtJltfft,  t,ontt«n, 

DEMONSTRATIONS  OF  ANATOMY;  Heii.or  a  Guide  to  the  Know- 

ledge  of  the  Human  Body  by  Dissection.  By  Qiorob  Vikkr  Rllis,  Emeritus  Prolessar 
of  Anatomy  in  Univer^ity  Collvge,  London.  Frnm  the  Eighth  and  Hevineil  Lnndnn 
Kilition.  In  one  very  handoome  octovo  volume  of  over  700  pages,  wilh  266  illustrations 
Cloth,  94  25  ;   leather,  $6  :2&.      (Luuly  Jtsufd.) 

This  work  bu  long  been  known  in  England  as  the  leading  authority  nn  praotical  anatomy, 
and  the  fuvorile  guide  in  the  dissecting-room,  as  is  attested  by  the  numerou*  editions  through 
which  it  has  parsed.  In  the  last  revision,  which  has  just  appeared  In  London,  the  aocoiuplisbed 
author  has  nought  to  bring  it  on  a  level  with  the  onost  recant  advances  of  science  by  making  the 
nereaaary  changes  in  hi»  nceount  of  the  miorosoopio  atraclure  of  the  different  organs,  as  devel- 
oped by  the  latent  researches  in  textnral  anatomy. 

Bllt»>  Demonsirailuns  Is  the  favorite  test-book    lu  leaderifalp  over  the  Eogliib  maoeal*  oms  dls> 
Of  tbe   Bii(llafa   stodenl   of  anstoniy.     to  paMlDt    ttcUog.—PKlia.  Mut.  Tim,*,  \L%f'U    |gj> 
throofb  etgbt  edltloBS  It  ba>  been  so  revt'ed  and  I       ..  .   ,«i..^Ain,»  ..r  .  -^.l,  •.v  i.       '  i      i. ^ 
.d.pied  to  the  oe*deof  ihe  stodeot  (h<ii  li  wonld      .  V. '.  ^'rr'"''*'- 'V  "  "'^'k.t*  k>«»«  •»  baaj  end 


I 

■ 

I 


w 


Jobs.  IS7». 

The  tneeeBBoflblsoldDkaanal  ssens  lobeatwellj  We  most  aar«««rvedly  rsemaasead  It  t«  every 
deserved  in  tbe  present  an  In  tfae  pa>l  volumeB.  proetliloaer  of  niedteloe  wlio  eno  poMlbiygei  It.— 
Tbe  bouk  seems  desttoed  to  niMlutala  yet  for  years  '  Va.  Med.  MoMMy,  ,}aae,  l87i>. 

ILSOy  [ERASifUS),  F.R.S, 

A  SYSTEM  OF  HUMAN  ANATOMY,  General  and  Special.  Edited 

by  W.  B.OoDBKcnT,  M.D  ,  Professor ol  Qenerol  and  Surgical  Anatomy  in  the  Medical  Col- 
lege of  Ohio.  Illustrated  with  three  huodred  and  ninety-seven  engravings  on  wood .  Jb 
one  large  and  handsome  octavo  Tolame,  of  over  400  pages  ,  cloth,  $4  ;  leather,  $i. 

CfM JTH  {HENRT  //.).  Af.D.r^     and  ffORNRR  (  WILLIAM  E.), M.D., 

^  Pro/,  of  Surg  fry  in  th*  Univ  o/ Penna.,**).  Lai*  Prti/.t/ dnntamytnlA*  Tnt*  a/PrHHa 

AN  ANATOMICAL  ATLAS;  Illustrative  of  the  Structure  ol  ihe 
Human  fiody  In  one  volume,  large  imperiitl  octavo,  oloth,  wilh  about  six  hundred  and 
fifty  beautilul  figures.     $4  60. 

CHAFER  (ED  WARD  ALBERT).  M.D.. 

AoHatant  Prnftu»nr  nf  PSyminlogy  in  Cninirfily  OniUgt,  L*ndon. 

A  COURSE  OF  PRACTICAL  HISTOLOGY:  Beinjran  Introduction  to 
the  Use  or  the  Microsoope.  In  one  hacdeome  royal  llmo.  volume  of  XS4  po^es,  wiik 
numerous  illustrations:  cloth,  $2  00.     (Lately  U»u«d,) 


s 


HORKKR'8  i^PEClAI,  IKlTOMT   AKD    HISTOL" 
OOT.     Elgblb  edlllnn,  eztensWsiy  r«Tl«*i<   and 
nodlVed      la  t  v<)t«    avo.,  of  ov«r  looo  paces.  | 
with  '^'i"  wood  e  't*    <lu  h,  t<l  0<1. 

LtHMAMK'b  MAXOAL  OV  CUKUICAL  PBTMOL- 
OOT  Translnted  trotu  ttiv  Oaraien,  vllb  Motes 
and  Adilttlons,  by  J  (liiKsToa  MuaaiH,  M.  II.  Wltb 
tllantrallooa  uD  wund  la  one  octavo  volame  ol 
MA  pKnes      Cloib,  «J2A. 

BKLLAMY'8  STCOKNT'S  GOIDB  TO  8PR01CAL 
AttAfUMY:  A  Texl-book  for  Stadeats  preparing 


for  I  bet  r  Pass  Kaatniaatloa.  Wltb  •nitravlBiii  on 
wood  Id  ud«  baaiitoine  royitl  rinia  voloma 
Cloth.  1214. 

CLBLAHU'B  DIREITORT  rOR  THB  DISSECTinH 
or  THB  BDM AM  BuUr.    le  eoe  »cb.II  voUae 
royal  llmo.  of  tsrj  p«4««:  eloib  t\  2A. 
aARTsaoRMK-g  aANHBrtOK  or  ASATOMT  AHD 

I      ParsiiiLofjV.    H«evad  edition,  revlted     la  oae 

I      royal   lauo.   vol.,  with  230  weo4-oaia,    eleth, 

I      91  ?  A. 


8  Henry  C.  Lea's  Son  k  Oo.'s  Publications; — {Phynology), 


n ALTON  (J.  €.),  M.D., 

•*^  PraftMaor  of  Phytit^^oy  in  tht  OotUgt  o/  Phytirtam  and  Svrgtons,  IFam  TvHt.Sf. 

A  TREATISE  ON  UUMAN  PHYSIOLOGY.   Designed  for  tlxe  d« 

of  Studentti  nud  Pnictitionpr^of  Mpdioine.    Seventh  edition,  ihoruugkl}-  reTlrer]  knd  r'<rrfK> 
ten,  with  nboui  tbrrr  bun Jred  and  ^ixt;  illuatratioDs  on  wood.    In  on«  verj  beaMtijul 
ootnvo  volume,  of  722pa|te«.     {Ntnc  Ktudy.) 
This  repotatioo  irhieh  this  work  hu  ucquirod,  »*  a  eompaol  and  onnTenleni 
[noat  advAnoed   <?onditioii  of  bumnti  phyyiologry.  renders  ii  only  r>ee9*»tkry  to 
thor  bus  iuj»idii(tuti|y  Iiibored  to  r«nd«r  the  present  edition  w   i' 
i^or  accorded  to  previous   isoues,  and   tbnt  every  care  hat  h 
}ih\  execution  ot'  it,  to  maice  it,  ns  heretofore,  one  of  the  hunOr      -       .      ' 
ioan  press. 


The  mcrttn  of  Prof.  Daltoa'Dtext  Vnok,  his  pmnnth 
,  ih«<  teiuitrU  i' 
>'  .   leiirc  uiil 

t-  nl  nod  til..  . 

r.f  tile  li«cii*,  uri>  j'lTlnclly  ko'iirij      T 
bu   iQSl-lioolc   ttia  oue   uiunt  (jiinUlii 
American  Htudeou. — Med.  JUcurU,  Uh. 

Ttae  beat  knoim  work  oo  the  tubjeet,  (be  preseti- 
tatlou  In  cxcallettt  ;  tiiete  i*t  no  belter  text-buok^— 
PhytleUin  an<i  Hurgt-n,  Peb.  1^61 

It  ba«  been  tboroiigblx  rerlA«>d  so  as  to  hring  It 
np  lu  ibe  atendard  uf  tbr>  (ireitont  lime. — M*dical 
and  Surgical  Rtrporler,  Ve\>.  ij,  J588. 


Th1«  T«ry  popniar  wntt   at>P'^ar<*  '"    "'   rreie^l 


I      Tltfl   work  of  Pruf.   Oal  I 
;  00  ciMonaeuiJiitlKD.     -'^■>   « 

wanta  of  thoati  ortiklng  a 
'  that  It  la  not  at  alS  ■ari'rl* 

a  demand  for  li  tioih  lu  i:^ „  .  .    _.. 

I  land. — Vincinnatl  J/rtt.  Stun',  t'eO.  taai. 


/lARPENTER  (  WILLIAM  B.),  M,D.,  P.B.S.,  F.G.S.,  F.L^., 

^^  RegMrar  t/i  Pnf-Mr«l/y  o/  LondoH,  tie 

PRINCIPLES  OF  HUMAN  Pll  YSIOLOGY;Etlitcclby  HexbtPowei 

M.B.  Lond,  F.K.C.S.,  Exumiupr  in  Natursil  tfciencef,  UnivtrMty  ofOjslord.      A 
Aitierieac  I'roiu  the  Eifjhth  Kerieed  urid  Eulurged  Engitfh  Edition,  wltfaNoto  :>nd   '.  Jii| 
tionc,  hjf  FnAaoii  Q.  Smitb.  M-D.,  Profef.siir  ol  thclnjtitat^eof  Mcdieinein 
git;  of  Penniylvania,  etc.  In  one  very  large  and  handsome  octavo  volume,  oi 
with  two  plates  and  .'^7^  eti^0.  on  wood.    Cloth,  $6  bO;  leather,  f  A  50  ;  batf  K.,.:i.ia.  $H 
We  ba<r«  been  agrefablyiurfirUeii  tofliKl  lb<!>  vol-i  Dow  a  y»nr  or  two  «;<>.  luokN  now  a«  tfUbsd  borat 
^ntoe  so  complete  Id  rejfuril  to  tbt  ftruc  t^-  ■■■•!  ' - 

llon»  of  the  uerToun  syi-iem  In  all  !• 

subject  that, in  many rfi'peois,  laonrtt.i 

call  1)1  all,  In  iliewh.>le  oinge  of  phy- ».. ,  „,    ... 

wblcb  lu  prudnca  a  foil  and  aatlsfttcturf  treatise  itf 

llie  olusH  to  whicU  iLio  one  before  as  belODK*.    The 

acldltlvua  by  tbe  Ainerlcna  editor  give  to  the  wi>rka« 

It  le  n  eontilderdble  ralae  beyond  that  of  ttie  laal 

Eugll«b  edition.   In  couolndoo,  we  eaa  giveonr  oor* 

dihl  reeommendallon  to  tbe  work  a*  it  oow  appaarn. 

Tlio  edilOTn  hare,  wllb  thnlr  ad<litJoaB  to  the  only 

wurk  0  0  physiology  In  'lurlaDgaaj^e  I  hut,  in  thefnll- 

ext  aeni^e  of  tbe  word,  In  the  pruductlon  of  u  pblloKo- 

^heraawelljieaphyiiiolcglDt.brougUttl  up  ait  Tally 

at  ounld  beexpected,  if  not  doRlred,  to  the  ataudard 

of  our  knowledge  of  lt«  uubjrct  at  the  preaeot  d«y. 

It  will  deservedly  niainlala  ib«  placeit  haaalwaye 

o«<l  tn  thn  favor  of  th<'  mediciil  prufeKelon. — /oaru. 

(,  ■   -r  T'ltrtntr,  AyrU.lfVn. 

tiiiTLTvcoutlybiicn  oindcin 

0,1  ^  ih,'«,  that  what  waa  perf(!Ctly 


.»U>)jt>i-t,l)i'Tlectl  , 
H    will  ..•oDfey. 

which     it    will    I.,... ..,..„.,       wiira   — 

Ttmrsand  Qaselu,  ifeb.  IT,  1HT7. 

Th«m«rlt«of  "Onrpentr-T's  !"hv<iofni-^  ■ 
Kauwnand  appi  '•' 
tn  the  tart  that  i' 
pn'htTisWo  r-ml- 

th- 
th. 

HTM 
Uf.    1 

ordcT  full>  tu  '."jv'.r  tht-  Liaii' 
laat  llDglUb  ediUoD.— iV.  V.  • 


r.u  ii<;«tiia«4 
"nry  row«r. 

'I<'ll(i..a«.  Id 


CroSTER  [MICHAEL).  M.D.,  F.R.S., 

£  Prof,  of  Ph\in\vi<iQy  in  Onmtiridge  (Ml».,  Buglnmi. 

TEXT-BOOK  OF  PHYSIOLOGY.    Setn.ntl  Araeiican  from  the  Lat^^st 

Englifb  Edition.    Edited,  vrith  Exteugive  Noten  nn! 
M.i>  .  Liito  DcmonFtrtttor  of  Eiperimental  Therji 
hnndfome  royal  12mo.  volinne  of  about  1000  poge^. 
leather,  %'i  75.     {Jtin  Ready.) 

It  la  a  pleaaiuK  Agu  to  obiterve  tbe  appreHAiton  |  Inn^  hold  Ita  plao*  »«  •  lUtdard  lext.k«olt  ea  I 

of  o.ilhoronKhly  fccieutlflca  wurkajiFQoter'H  "  Phy-       ■   • 
l:aiuluKy"  '>y  the  .^iiiPiiOH.o  ntuJ^nt.  an  acprorluCiia 

-Which  l»  aniply  pioveli  by  tbe  fact  uf  Iht;  (*\h»n»- 
I  tlgn  of  Ihe  Dr«.t  .Ameriraii  edilloo  wltbin  ii  i  ^    ' 

BK>nth.     In    lU   prr»eiit   shape,  tbe  work 

found  l)i.iTi<Ui;hly  oi>  ti'  itn  tiuifli,  r««<>ni  >.  l 
I  to   phvaliiluiiy    buviujs    been    duly    noticed    i.v    lur 
,  Auierl'oan  edtlor. — MnL,  Rmani,  i<uv.  ill,  18&1. 


Inn^  IMid  Ita  plao*  »«  m  lUtdard  lext.k«olt  ea  Mf 
»»ol.i(iy.— /"Aito.   Mttt.  and  Sufg    Jtnuritr.  Sol 

ry-  f^A^.T^  .>i  til. 


••ry  Uteri   i-.- 
un  lLt#irnc(l*<» 


Th<'  flf't 
'lu  th< 

ed  hir. 
.  Ittat«t.i 
lu  maki'  aulLi  aUUiijuu 


Ji-.t.Q  i;ivi'j>;lippii  .'XIjh  ll-l.-J       A    lii'..-< 


iu  ix-  ,  n-jroiJ4i  '-..udLtiuuis 


periiaenui  phy»luloity  call  far.    Tbie  work  wiii  I  Sur^.  Jvum,,  Ueo  IbbX. 


«r  lUe  by.ty.— £t»/«to  Jteai  «a4 


I 

I 

I 


A  TTFTELD  {JOHN).  Ph.D., 

•^  Prn/rjiiror  nf  PraiHttit  Dwui($tri/ 1 "  ^^'  P*"  nnft'^*vH''n  I  Snriftv  of  ftreat  Britain .  Ac . 

CHEMISTRY.  GKNERAL,  MEDICAL  AND  PHAT"    -^rUTICAL; 

In<'IU'J!nK  thfChomistrjof  tbeU.  8.  PlmrmMOpoBU.  A  Manual-  il  Prioclplei 

pf  th«  Sci<'DC«,an'l  tbrir  Application  to  M«dioino  and  Pbnriuncy.    i.>).iiLrt  >-<iilioti,reri««d 
by  the  nuthnr    Tn  nnp  hrni'lromc  roynl  \imo.  Toluiue  of  700  page*,  with  illuatr»tionj. 
Clotli,  $2  SO  :  leather,  %1\  00.      (Noh-  Ready.) 
We   bave    rep«iit<>d]jr  exprnifiiri]   oiiT  fikTmable '  of   «li«ml*trT  Iq   ail  the   m<Hl1cal   eotU||«»  lu  tba 


oplutun  of  thit  viirk,  and  nn  Ihe  a|>p»ar»9re  nf  a 
HAW  ndUioa  of  It,  IUtl«  remain*  fnr  ok  to  ■tr,  -^ 
enpi  ttkl^l  we  expect   <I»U  ntahtb   edlttOD   to  l< 
lojl»T>*9"i>lil<»  I"  na  a«  the  aeTitntb  and  pmr' 
•dill  '     -     '    =n      While  Ihn  general  plan  kn.i 

arm  ■■■n  Ueeo   «ill>«r*<l   l«.  oew  mailer 

h»*  I    ci>T«rlu/»   ihe    ohmreel  l"n»  in«H« 

allien  ui<  I. <r  M'T  KiiltLitn      Thi  pr«i<*al  iJ<'' 
(be  proceiiliii;   one  ehlrlljr  Id  lliene  alter. 
In  abi>a(  l«o   P«Kee  o1  a»efiil  )iK'>-->   tii' 
ap]ieadlK  —Am*  JoHra.u/  !"■ 
A  aunrttrd  «i>rk  like  Ate 

Pulv    |i.-    iji.'nti.'ni'.!     '-v    ila    :i 


rToDed  fiwisa.     TbA  preneiil  mllnnn  eiinl.atn> 


,n.ri 


•nek 

-f 
of 
■■r 


The  [iijpalarlty  wbteb  fhlBworV  bk*  euJoynJ  It 

iTliu- I.I  l!i"  .ii!ii«i;i!    ui.t  cV'-ir  .ll-P'.f!lK,u   .>rt!i« 


.1,-1    ,|,.v.-    ■;  rii"-.ii-    •>' 
Ijtx.t    rt|iplU'«l1i.iU«  of 

■   italhnr  ha*  be>iNiw«i| 

.n.  ,111.1  Ihe  exteat  of  "  - 

the  lu(«>t  ■•■                                                    if  be  edtrnaleil  \(shiu»  v^kiI.. 

fr/>m  (he  f                                                 kn«  tHrAe  bno-  knowledge 

4r«d  new  r                              J,.      J  llfloual  inster-  We  naite»iJ  •.... . 

I'l-— /'rw^^Uiii'  CitcHlar  and  Cktmieal  €ht»M».\  i^,  pahtlcaiioa    .f 

May,  1879.  tni.rk~l  np..olhr  . 

■Pf...    ^  — ....  -pj  merUorlnne  vork    ba»  '■'     -   -'-     Th.>  tv -r^  nr^T  .  . 

Bo«                                      "Jlit.in,  vlilch    fael  apeak*  r  y  ,>f  the  phanne 

tnlL                                   .    i-nmnmndelUiQ  of  It*  excel-  >                        :    BrllittB,  and  lu.i 

lence      ii  i,*f  u-w  Ko^ornelhe  (•rliielp*!  lext-book  Mut.  i>' ' 


nd 


-f 
f 

'4 


flREESE  (WIIJJAM  H.),  MD.. 
A  MANUAL  01^  MEPTCAL  CIIKMISTIIY.   FottlreFse  orStndonts. 

Bneed  upon  Bowmao^x  MedirnI   GU«nii«try.     In  one  ro^al  tlmo.  VolBina  of  812  pkgoi 
Wi4h  illiutrfttiong.     Cloth.  $1   76.     {Noii- Re-it^v) 


la  well  writi 
VlLal  ohnmlMtrT,  i 
elaa*  ere  u   ' 
maywUb  ' 

lloa,  Wt)  C;( 

w<»rtbf  nfnix.t |i.  1.1- 

/UporUr,  April 'ii,  IFSU. 


D,  and  giTa«  the  lateel   *l<>w<  oo 
Hobjix't  with  whLrh   laftet  phrel' 


<a«  whirb  Wr  Ihlnk 
nd  prnflC  The  <l^« 
'  t»»  inO»l  fi|«lr» 

"•III,  In  aredy 
Am.  JoHrn.  i>f 


PL  ASS  EN  [ALEXANDER), 
ELEMENTARY   QUANTITATIVE    ANALYSIS.     Translated   tvilh 

nntrt  ami  ndiiilinnn  hy  Enc\K  P.  Suirn,  Ph.D.,  A»!iUt:4ril  Prof,  of  Obeinistry  in  the 
Ti>wne  Scieiilifio  Si'bool,  Univ.  of  Pennii.  In  one  handsome  roynl  tSuto,  volume,  of  324 
pnge«,  with  illa»trntion»  i  cloth.  $2  00,     {f^teif  IsMHni.\ 

III'    ..l.l..tl...     I...,     .n,nn,.l    ,.l     .r,    ,.1 I.rv       ,.  .1  r..  :, ,  I  ..  .  ,  , .  1 1,  «   ,. ..  »  I  T  « I  •     .  f   ...  I  .,  ,  r I*ncbpr«. 

«»tur  '  il    la 

ft     '-  .'If/.— 


flALLOWAV  {ROBERT),  F.O.S., 
A  MANUAL  OF  QUALITATI  VI-l  ANALYSIS,   From  the  Fifth  Lon- 

doo  Bdition.    In  one  neat  royal  l2ino.  rolame,  wUh  illutrationi)  9lotb»  S2  76. 
J>EMSKN  ( IRA ) .  M.D.,  Ph.  D., 

Prt'frm'jr  of  fhfini»trn  I  •«  fir  J-Ant  Hopkin*  (TnifMraUy.  B«Mmar*. 

PRINCIPLESOF  THKORRTICAL  CITKMISTRY.  with-npeniil  roforcnce 

to  Ihe  Conitlitution  of  Ohauiiciil  Cuinpnunda,  In  oae  hAadsom*  rojAl  llJmo.  Tot.  of  over 
2i;i2  piiK«s  '■  ololh,  4 1  50. 


BOWMAN'R     INTi;oi>fi'TT<'X     T'>  ritArTTCAL    Wnnr,Kll  iTtn  f  llTrns  dttTii  virs  nr  n»n»?»tc 

CHltMthTRY.  a 

AlMorieao,  frmr  , 

tioB      With  uiiii.  ....__...         .  ..  :    ,  1 _.,  -,v.  ...  ...,,,-m» 

T*l.,  royki  I2aiu.,  £lt»iti,  #i  iu.  Co)leg«,  Maee.    la  <;ii«  Toivme,  royAt  itmn  o(  MM 

pp  ,  C(4|]|,#S. 
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Henry  C.  Lia's  Son  k  Co.'b  PuBLioATiON8^((7Aemwfry). 


POWNES  [GEORGE),  PhD, 

A  MANUAL  OF  KLEMKNTARY  CITEMISTRY;  TbeoretioriJ  and 

Prt«tic*l.    Bevifed  and  correoteJ  bj  Hkhrt  Watts,  B.A.,  F  R.S.,  Mithor  of  *' A  Dielion- 

•r^r  of  Chemistry,"  etc.    With  a  oolorrd  pliile,  aod  one  bandred  aod«i«ventj-aevvii  lllu< 

trationa.    A  new  AmericBQ,  from  the  Twelfth  iind  eolarged  Luodon  edition       Edited  by 

RoBKRT  Bridabs.   M-D-       Id   ooa  lar^e   rnyal  ISmo-  Tolume,  of  over    1000  pagM^ 

elolb,  $2  75  ;  leather,  $5  26.     {LaU/y  J*$ued.) 

Tbl*  work,  Inorganic  aiad  orgaulr,  U  eunplsie  la  i  «rh«t  formidable  maittiltoda  vitli  Ita  mnr*  lk*a  a 

ana  eooTooleui  volDino.     la  )!•  (^nrlieiit  edlttooa  it  |  Ihun.atid  p«f«i>,  bat  wlib  le*«  tb«a  tbl»  ui<  f«lr  r«f>f*> 

ira»  Tull^  np  to  the  I»t««t  advaooi^in^Dli  aad  (he<>-  i  sFOtalloa  orctiemUirjr  at  ti  uuw  iMoan  b«  K)**a    Tka 

riea  of  that  ilina.     In  il»  preueai  furai,  it  pi'cwtiols,  |  ly|><<1ii  •naall  but  ri-ry  clear,  aad  tba  *BcitoB>ar»  wry 

In  a  r«iii«rkabty  eoorpnlent  and  >t4t)»('>totory  raaa-  i  lucidly  Mrmngpd  In  faciUMta  ut%dy  and  fafafiftaa-^ 


o»r,ilie  principle*  ikD J  Iwadlog  fxer^nr  ilierhenil>-(r> 
of  (o>d»y.  Coacarolag  the  laaunar  io  wbicli  the 
Tartoui  fobjoct*  are  treiLted,  oiocb  de'-erTea  to  ba 
aald.aad  uiofttly,  too»  ia  praUa  of  the  buok.  A  r«- 
iriew  uf  mich  «  work  ae  Foumm'ii  ChtwUlrv  wllhla 
Ihe  limit*  of  a  bLiok-notlce  for  a  modiCHl  ueekljr  u 


M*i   and  Bnrg.  Brpori*r,  An«   -I.  Il>76 

Tbe  work  l«  '       ^    l'  ■ r-  •      ■ ^"-r%»ta 

to  Deed   any  i  U 

the  reTl'Wiis  '  ii/ 

duaa,  and    llmi    i-ri>t<'-f>T     i-niik'-    :in«    mil*!]    M>a4 
fraah  and  raloable  lUMiier,  eafi^ciallf  )a  the  laar* 


alraplyoutofU>eqQe»tlon.— •0<»c<»nnf<l,o»cef  a»(«  I  j»Bjeej,e,„l.,,y  T«je  l>.mk  haa  aJvay*  baaa  a  (kr 
Clinic.  D^c.  14.1fe?8.  Tortie  la   llila  em»a*ry,  itnd  Id   II-  aaw  aha{«  IM« 

Wbeo  we  «tale  tbat,  In  our  oploioo,tbe  proneat  {/atr  tn  retain  alllt«  fortavi  prttttff*. — S*0tmn  I«*r. 
adltloD  (lutalns  Id  erery  r**pect  tLe  hl|<b  r^patailun    o/  Hhnndtry,  Svik   l*"'^ 

wliiuh  Itii  predacaHAori  bare  Hcqnircd  and  eujoyed,  '      ](  wilt  br  r  .  ,  :.«■ 

We BxpraM  therewith  uor  fall  belief  lo  It*  liicriei»le  i  f«mark»  rei..  »■»' 

value  a*  a  lext'bgok  aod  work  ol  reference. — Am.  ImsqubI     yi.i  .*> 

Journ.  o/ Pharm.,  Aug.  \B7S.  I  ioup.1   place  ks  a   Ic-it  L-.k,  ai  ..■< 

The  conndentlotia  cara  which  baa  beea  bhulwud  '  thoro.iffb  reTUlonii  whlcl.  bar--  :  ..i* 

apuo  It  by  tbe  American  and  BDgllehedltoro  render*  ,''""^*'*'""*l""'»«*"<'>"f"'"««>:  '''• 

U  NtlU,  perhaps,  the  bo«t  book  for  the aindeol  and  tbe  "''l*  '-efore  It.— t,Vinnrf('i»  Pharut..  J^ur  ,  Aujj.  JS7B. 
praetltiiiuer  who  wtiuid  keep  aliTa  the  acqulalUona  As  a  mantial  of  ehenilairy  It  I*  wtiboot  a  en^tlM 
of  hi*  atadeot  daya.    It  baa, Indeed,  reaehed  »auD«-  '  lu  tb«  laajcaaM.— ifd.  Mutt,  /owr.,  Abj(.  la<&. 


DLOXAAt  [C./j.), 

•*^  PTi>ftn.ior  a/  OhemiMryin  Xing't  CaiUgt,  Lfminn 

CHEMISTRY,  INORGANIC  AND  ORGANIC.    From  tht  Second  Li 

don  Edition.     In  one  very  hnnd»ouD«  o<Mavo  Tolarae,  of  700  pagu,  with  mbo«i  %%%  i 
trutiona.     Cloth,  $4  DO;  leather,  |S  00. 

We  bare  lo  this  work  a  coin pli-te and  nioKi  nscct- 
laat  text-book  for  tbeu>e  of  scbi>oU,  and  cad  beurt- 
tly  reauminend  It  avsaeh. — Buston  MtU.and  Surg. 
Journ..,  May  3&,  1874. 

Tbe  above  la  tbe  title  of  a  work  wbtcb  we  eaa  moat 
eouaeleotlan»ly  recummeud  tostndenta  of  ehemia- 
try .  It  1»  aK  «a*y  a*  a  work  od  cb«iiii>'try  coold  b« 
made,  at  tbnHametltuethat  it  pr«i«eat»a  fullaccuanl 
Of Ibatnelence  as  tl  now  Htaods.  We  bava  spoken 
of  the  work  aa  admirably  adapted  to  ibn  wants  of 
atadenia  ;  II  le  qnite  af>  well  salted  to  tbe  require- 
menla  of  practltloaem  who  wish  to  review  their 
ehemlHiry,  or  have  ocoa»loa  to  refreiili  thatr  memo- 

rlan  on  any  point  relaliujc  to  11.    In  a  word,  11 1«  a    _^_    __  ___  _ 

book  tn  he  read  by  all  who  wl*h  to  know  wbal  U  I  yit  "»ft"er"r*>a'dTn'»(Tt"  he  r" 
throhemlKryoflbepraianidajr.— .4m«rf«aii  Prae- 1  *i,oaij  h^ re  been  said. 
(«{(fner.Hov.l87S.  ,„  ,  textbook  ao   Daari> 

ZrfC«e«l,  KoT,  13791. 


It  wnntd   be  dlfienlijor  a  pr  miel  »»t 

teacher  Io  Bod  any  niatVrlal  ft  '  ■«>!  al' 

lulrahle  treallne      Thounthor  >in.u.|  a 

cyclopedia  wilbin  tbellmilRc'  .a, 

aod  ha*  done  «o  wtihoat  peon<  r». 

ftraphk  too  r.^inmoQly  making  u|.  ..  ,  na 

balk  of  Diaoy  cntubruo*  work*.      i  .  ■• 

ailentint  is  not  dUapvolnted  wbeo   i  ti* 

record  of  new  aod  valnable  pr»raa*i—  -. <   .  r»r- 

len,  while  tbe  eunitou*  roBKervailv*  doe'<  am  aa4  il« 
pariK*  moDopi'lliH  by  aaceriain  tkaurlc*  itait  a^ca- 

laiino*.     A  pecallar  point  of  er--" •-  ■'■-  -r»^ 

laniifd  fnin  of  eapre«»loo  in  I'll  I'a 

e't{'r<'«(n'd  Id  very  flniri  para«r.'  ■■4 

at  the  brief  opacp  allotted  •  —  -  .  i4 


ffLOWESiFRASK),  D.Sc.  Loudon. 

V  S<ni'ir  Sffinte*-  Mnitttr  tittk*  HighSehnnl,  !f€iecnitt«-Un4t*f^L^mt.tt«, 

AN  ELEMENTARY  TREATISE  ON  PRACTIC  1  L  CHEMISTRY 

AND  QUALITATIVB  INORGANIC  ANALYSIS.  Spaoially  adtipted  tV.r  L,.e  in  Iba 
La>«ori»torie»  of  6cho''>J^  Bod  ColJeget  and  by  Beginnero.  Seeond  Ameriraa  from  iba 
Third  and  Reviaed  EngltK><  Edition.  In  one  very  han<)some  royal  I2bia.  ToluiBt  of 
972  pngea,  with  47  illaatrationa.     Cluth.  §3  60.      (juu  RmH^.) 

Tbe  bonk  t*  eminently  a  pracllrai  OD<t,  lad  we  eaa  Ibr  itaalf  mimy  warn  frieada  and    a<ipv<»nara.     Fi 

e>>rdla1ly  reoommeod  lta«on«  <ir  the  tt«.ti  text-buoka  ireau  I  be  nabyaei  well  Rnd  the  t*bl»  ar*  r4Ky  clear 

for  praclloal  inairnclinn  lo  the  lal'oralury.    Tbe  aa-  and  vaKiable. — 8t  LuuU  Mtd    and  SMrg.  J»mrm-„ 

alytlflHJ  r«»etlou»  and  tnetiuKtn  are  tb.>i>f  which  ex-  Uar.  I9S1. 

perleace  ha.  proved  Io  be  the  mo-*t  acrorale.  aad  the  ^bU  work  !•  notoqiy  well  adapl'-f   '-      "-•» 

direolloD*  for  woiklng  are  given  .o  fully  a»  to  be  t„,.b„.,^  i^  med(ca)  c..lle«ea.  bat  |.                          ke 

perfectly  in  en-BlHetoibeHndealwlthootextended  »,„.,  ,h.l  a  piaeUfloo^r  e.n  have  for 

verbal   explana.ioo   from   the   lo.lt  oct«r. -««« on  f^^^^^  ^„j  la.iranloo  lu  bl.  II  .r .  r 

Mud   and  ItHrff  Jovrn.,  March,  lls8l.  ,„„h  voln.iea   are  t.>o  techn  Cil  an.:                           r 

A  compact  mannal  of  qaalltatlve  tooriranlc  analy-  etody  trlfbnul  ••iia*  dMRdle  a'd.  ).                        a« 

a**,  well  Huiled  for  c1a««  n«e  or  f'>r  thn   private  •In-  p<e»eDt''d  I*  e**y  of  euirtpipheaslua  .                            ^{ 

deal.    Tbe  book  ha*  baeararefolly  revliMtd  thrnui^b-  gre-4t  value  to  coll*it>«  •tnd^ot*  And  t'  .                       >- 

out,  and  aoma  proce*ee«  have  been  materially  alm>  er«.— X  Y  Am   M'ti   ftf. li'»JkJv.  A;  ' 

pliaed—Poafon  i/r>ttrn.  <'/7Aei»<«frv,  March,  18*1.  I      ^.j,,,  ,  .^ 

ThI*  it  a  valnable  work  for  thoHa  abv<nt  to  aom-     are  nil  i  ^< 

nence  ebetnl»lry,  tbe  more  «o  a«  by  lu  n*e  they  ikt-e     ferenc.                >  •« 

almollaoeoaaly  acquainted  wltb  t'ha  mauipolaliun     do  ooi  reiiixiuKrr  'o    'n*-'  iii'i  k 
of  chemical  aDaly&la,  a  method  wblrb  le  tbe   mo*!    conld  better  serve  ih<<  riu J  at  - 

TBiaible  lo1mp»it  alboT  aa^liunw\B.  aeul  ttv  «to\*-    x-tohHc  «tndy  of  iDorifsnia  oLr  -jt 
try.    It  It  1  T«ry  B'>od  Uula  \ioo1i,au4.^\V\  miXa     M*4.  B*iBa,U.M«;\iW.\«A. 


lit 

m 


I 


Hbnrt  C.  Lka'8  Son  &  Co.'s  Pubuoations — (Phar.^  Mat.  Med.^  etc),    1 1 
^OFFMA NN  (FRED.),  A.if.,        po  WER  (FRED.  B.),  Ph.D., 

PhD,  and  -*        Pm/  „/ An<tl.  Ch*m   tuPhU    0»ll  of  Phnrmnet/. 

MANUAL  OP  CHEMICAL  ANALYSIS,  as  Applied  to  the  Kxami- 

iiBti<»n  of  Medical  ChrmionI*  anrf  their  PrepiiriilioDa.  Being  h  Quide  for  tba  Latermi. 
nation  ofibeir  I<1«nlit.v  kntl  Quiilii;.  Nod  for  tlie  DcCeotina  of  Impuriiip*  and  Aiiult^r*. 
tion*.  For  th»  l)»eof  Ph»nji»«i«tf>.  Physician*,  brnggiata  miuX  Miinafneluring  ChciniiiU, 
And  Ph.-iraiMCf  utical  uml  Molicnl  Sliulr  Is.  Thir>l  ^dilion,  e(itir)>ty  rrirrittpii  mid  uiuob 
•alarged.     lo  one  very  hiiod^ouie  f>i*tfiro  voluin<<,  fully  illualrBied.      {Prtpurittg .) 

pARRISH  (ED  WARD), 

LtUm  Priftaanrof  MaterUt  IfMtim  <n  tht  Pliilndttpkta  OiMrgrnf  Phnrmaev. 

A  TREATISE  ON  PHARiMAC Y.     DeHigned  as  a  T«xt-Book  for  the 

Student,  and  a4  a  Qaide  for  the  Pbytiician  *od  Phannadeutift.  With  mony  Formala  aa^l 
Preneriptions-  Ponrtb  Edition.  thoroa«;hly  revised,  by  Tnomah  8.  Wikcand.  In  on« 
handfomeoot&TOTolameof  977  pagee,  with  380  iUutrationai  cloth,  %b&0\  leather,  (ft  50( 
half  RuMia,  {7 

Ibor,  itD^I  pi>rh*p«  naati  ihfl  wont*  for  a  dkoh  of  b#w 
bloo<l  —L„n't.  Phnrm  yowmnl,  Oct .  17,  1974 

The  work  l»  emlu-otlT  pr».  ile*l,  aod  h-n  ifaafare 
tnerll  of  beiufl  re*(ii>ble»Dd  inlcre'llDf,  wbtlc  Upre* 
terr(i*ii*trtcily  icIfiailBrcb&raeler  The  wliuU  work 
.-•S«aUth«iir»»ieiiier«diiooKnibor,«clllor  •ndpab- 
lUher.— ifxi-  Prtttand  Oiremtar,  Aag.  IS,  1874. 


PvrbapT  oa«,  if  aot  tlie  mott  tmportaol  book  npoi 
pbarmaey  wblcli  hat  appeared  tu  the  Kagllfb  litn 
ga«g«  h*^  em^tuMied  fruui  tb«  trvawiiliitiDr  prr«» 
"  Hsrriab*  Pbarni*cy"lk  •  w«ll-lcDo«ra  worlcoD  (bli 
•Ida  of  the  wtler.aod  (he  factahowi'nii  ibkt  m  reiill} 
n*eral  work  BeTerb»eckin»#i  mer<<ljr  local  Id  tin  fuuie. 
Tbaalt*  t<)  rbe  JnillclooitedUlDg  'ifMr.  Wtegaod,  the 
pi>«lbntuou*«dltioa  of  "Parrikb"  ban  been  iiaT«<]  t< 
the  pulilte  wllh  «U  the  matore  experleoes  of  tie  an- 


^ 


QRIFFITH  {ROBERT  E.),  M.D. 

A  UNIVERSAL  FORMULARY,  Containing  th«  Methods  ofPrrpar- 

ing  and  AdmioiateritigOfBcinnl  and  other  Medicine*.  The  wholeadftpt--d  to  Phyalelam  and 
PbarmaAeutistr    Third  edition,  thuToujfhly  rerined,  with  nutnerou*  additioni,  bj  Joim  M 
MAiaoR,  ProfeMor  of  Materia  Medicn  in  the  Philadelphia  CoUejre  of  Pharmacy    In  oneUrg* 
and  bnndiome  octavo  volume  ofnbf'ut  800  pngea.     Cloth,  S4  50;  leather,  %b  5fl. 
A  wore  eoaplele  forinulitrythan  tllk  In  Ite  pre*  i  mltled   lo  meinary  by  every  •lodeol  of  med1<lae. 
«Bl  foria  the  phiirinacUt  or  pbveleUn  iroald  hardly  '  A*  a  help  to  pbyatclaa*  It  will  bn  fooDd  InvaliiNble, 
d**tre     To  the  Br«H  <oine  eoeh  work  U  iodtxpeDi-R   i  and  donhlle»«  wUI  m«ke  Im  war  Into  llbritrtes  po 
ble.  and  It  UharHly  1  w«  etfentlal  to  the  I^rac^1  tinner    »lr«»dy  •npplied  Wllh  »  •Hodurd  wurfc  ofth#  ktrd. 
whoeompoitpd*  tiiiinwa  m»dlelnea      Moebofirhal    — TA«^m«He<in^racftifon«r.i<oBU(llla,  Jaly,'74. 
ta  coataload  lo  the  latrodacttuo  uoght  lo  be  eoni. 


« 

I 


¥ 


GTILLE  (ALFRED).  M.D., 

pTo/axnur  "/  T>t*ory  and  PmHtee  of  Xmtictn*iit  th»  (7w4wrHly  "/  Pimna 

THERAPEUTICS  AND  MATERIA  MEDICA  ;  a  Systematic  TreHti?<e 

OD  the  AotioD  and  ll«e«  of  Medicinal  Agente.  inolnding  their  Deacription  and  Hiatory. 

Pourlb  editi<»n,  revised  and  enlari;ed    In  twolarfre  and  haadaome  8vo.  rola.of  aboat  2000 

pngen.     Cloth,  $10;  leather,  |l3i   half  Ratnia,  fl.1. 

M  I*  uDoeeewary  to  do  uach   more  ttian  lo  ao- |  of  Ih*  present  edllloB,  a  wholeeyelopiadia  Af  tirera- 

B^ooee  ibe  itppearitare  of  the  fonrtb  edIlloB  of  (bU  j  penile*. — CIMongo  Jttilleni  Jommnl,  tr.h  lA7fi 

waII  kuuwn  and  exc»IUni  -work..— BrU.  and  for.]     Therapldexhaaitioa  nf  threaedliioBiiKD.I  ih*  nal- 

M^'L-Okir   Sevirte.tyct  lt.7a.  |  Ter«»l  favor  wllh  which  the  w..r^  ' ' tpJ 

For  all  who  deaire  a  complete  work  on  Iherapea-    by  the  medical  profeoloa,  «r«  ■  .it 

tlOB  aad  materia  medlca  for  refereoc*,  Incaaii*  la-    nxeelleace  at  a  repi>fi4>r«  ■•<  pru  u- 

Viilrlng  medlco-leMl  ^uealloot,  a*  wvll  a*   for  In     fnrmatinn  for  the  c'       '   -  ■!• 

formal loiiCcinec rain Kreoiedlal  agnnla.  Ur.  StUI4'al>  ;  fnlly  •nttalotlbU  >  re- 

"  Oiir  "'<1'"<<T'"  the  arork       BelB^^onl  of  print.hy    fallf  r«Tla«<l  and  li^  .4'- 

hl%aa|loa<1ffurtlleredlliotl^.lheanlborhni>lalU  .  laa  It  iip  in  ih*  pr*.-.<iii  ■   n  .■    m-  m.  ..f 

rofeaoian   under   renewed  obliiptlliiDi*,  bv   the  I  chloral  and  cp^ton  chl»riil    ollrlle  nr 

I  rerlaloo,  Imporianit.tilltii'ino,  aud  Lline'ly  re- I  rlrfe    of  nn»rhTl»nK     merhjrltr   ether 

aaultis  a  work  not  »x:i  innnifjd  by  any    p*»aod«,    <<»l- 

Oiber  la  lb*  fio(li«hlA<  :  ikny  l*ngiia|(e     .foMrn   <>/  P'l 

The  raerbMOlral  execal  I  i,>ly  anal  k!bh  the  '       yf^  fan   h> 

wwll-ko-iWD  akill  sod  it.»il  i«-ir.  ,'  rh.- pnl.ll.ber  —  I  m  nil  tin  do  ol 
Si.  Ltntii  Jlf»'f  and  S'trg  /oumnf,  Dec    1P7I.  '  aearob  Into  c1 

From  iho  pablieali.inof  tbe  flrht«d1ll<iB  "8liMtf'a' a   place  lo  tl- 
Th*rBp«uik«°' ha*  tieen  one  or  lb*  rlaaalea;  ||«  ab- 1  folly  repra-x"  --tii  »4iki,i  ,,1  ;« 

•••uco   rriim    onr  Mbrarin«  w>mld   creale   a  vacaam  '  phar^acodyn  ^byfarlhan  le 

vbleB  eoald  ha  titled  by  no  other  work  le  the  laa-  j  treatlae  apoa   ....   ..: a  1  aad  praatUa, ;  be 

(•ace.aadlta  preaaacaenppUaa.tatbelwo  relenet  Qnearloa.— ^o«l<n*  Jfad.aiad  iSMfjp./vwnaal, Mev.  A, 


oiliar  remviiioa.  —  >4na, 
|S7',. 

ki    |i  ba*  a   rival   to  Ibe 
t( 


F' 


fARQUfTARf^ON  (ROBERT).  M.D., 

ttHurrmn  Hnt»rin  Sf'diea  al  Ht    ¥n*y^0  ffn4pttnt  McdtiMtl  llelun>l. 

A  GUIDE  TO  THERAPEUTICS  AND  MATERIA  MEDICA.  Tliird 

Ameri<*aB  edition,  revifcd  by  the  Anthnr.     Enlar^vd  aad  adapted  to  the  C.  S.  Pbar- 
maeopceia.     By  Fraxk  WooDiciir.  M.D.     {Tn  Prtti.) 


0A1tP85TRR'8    PRIZI   RSSAT  OR  THR   CBB  07 

Ai.'.-xi.^i  u   Liqr<^»."  in  BBALm  AI«D  Dl-EA.E.   lte» 
••lltluD.  with  a  i'r«fii.re  bv  D.  F.Cusexk,  U  D.,aBd 


eTplanaitoneof  arteBltflrworil*.  ta  oaaaaalltate. 
volnma,  pp.  178,  cloth,  40  casta. 


12  TTenry  C.  Lea's  Son  A  Co.*6  Publioatiows — {Mat.  Med.  and  nerapX 
UTJLL^  ( A  LFRED),  M  D.,  LL.  P.,  and  IfA  JSCH  [JO US 

A3         Pr-/  0/  Thfttry  <%n>t  Prnttiir*  o/ M*dlein«  ■^"-         Pru/n/Mftf    Wr  ■ 

and  (if  OUnicat  Mtd.  iH  Unit.  *t/ Pa.  ''  .».»u** 

THE  NATIONAL  PlSFENSATOnY:  '^  ,.>.,. 

Cheinirtry.  Pharwinjy,  Aciinn<»  and   Ujb*  of  jV  n 

the  PhivrmacopeeUs  of  the  United    St-itM.  O  . 

COS  referenees  to  thrPrcBoh  Cctex.     Seoond  eilitioi. 

ikdditidng.     In  one  rery  handsome  octaVu  volnme  of 

Bxtra  cloth,  |6  75;   leitther.  raised  bandt,  $7M)|    ban  i;ut^i.i,    tauea  duDii.<  nntj  of4B 

back,  $8  23.     {Now  Rfo,iv) 

PURVACK  TO  TBB   SECOXn  BdiTIO?!. 

The  demand  which  haa  exhausted  in  a  few  iaon(Ui>  un  ununually  Inr^e  edition  of  iho  Xatinoal 
Diapensatory  in  doubly  gratifying  to  the  authors,  a»  «howing  that  tb»y  were  "■■►'-■•i  u.  ii..^^.--. 
that  the  want  of  Much  a  work  wad  felt  by  th«  medical  and  pbarmacenticat  pr 
their  efforts  to  «upply  that  want  h.'tve  been  acoepiable.     Tbix  apfrprinti'ti  ^i 

atimulated  them  in  the  revision  to  render  the  rolnme  more  wun  >.  <:x;  uiu.')i<4  i.ki..r 

with  which  it  hai!  been  received.    The  first  edition  of  u  work  of  fu<  \e  mTi«t  Dr>?ei(Bn'T 

be  more  or  iei;«t  imperfect  j   and  though  but  little  that  ti  new  uoU  i  hi)-  v.  . .  i  .  . .    i^oni^lit 

to  li^ht  in  the  phort  interval  lince  its  publication,  yet  the  length  of  t  b  ilwst 

passini;  through  the  prcsf  rendered   the  earlier  portions  more  in  arte  u  r-     Tbe 

opportunity  for  a  levlaioD  baa  enabled  the  aatbom  to  fierQtini7.e  the  work  u^  a  . 
introduce  alterations  und  udditinnis  wherever  there  hna  seemed  to  be  occasion  '- 

ment  or  greater  oomplet«ne!>8.    The  priooipai  ohanges  to  be  noted  are  the  in(r    '  : 
ral  drugs  under  feparate  heiidfngs,  and  of  a  lar^e  number  of  Jrugis,  rheiu 
Ceutical  preparations  clas^tGed  as  allied  dra^ji  and  preparations  under  tli-  ■* 

important  or  better  known  articles:  these  additions  oompritie  to  part  nearlv  a 

Pbarmacopceia  and' ntimeroua  articles  from  the  Frencb  Godez.     All  new  ii,  i 

came  to  the  authors'  notiee  up  to  the  time  of  publicntinn  hare  re«eived  dae  r,,r, 

Tha  serieiof  illu.ilr:iti(>ns  ha/undergooe  aoorresponding  thorough  revi»ii>n.    >.  ; 

bean  added,  and  «till  mure  have  been  sobitituted  for  sooh  &«  were  deemnl  \osf  m 

Thf  new  matter  embraced  In  the  text  isi  equal  to  nearly  one  htindred  pn^^t  of  |}t«  limt  cdiitua. 
Considerable  aa  are  these  changei<  a«  n  whole,  tbey  hare  been  acoommodaled  by  an  cnlargetaeal 
of  the  page  without  inoreiis'ing  unduly  the  size  of  the  voluioe. 

While  numerous  additions  have  been  made  to  the  sections  which  relate  to  the  phy*tol<^lcsal 
action  of  medicineit  and  their  u&e  in  the  treatment  of  disenie,  great  care  h«s  beep  Laktn  to 
make  them  aH  concise  aa  waa  postihle  without  rendering  them  incomplete  or  i>b«<Tiir«.  Tka 
doses  hare  been  expre«eed  in  the  terma  both  of  troy  weight  and  of  the  metrical  Fjrsteat,  for  tka 
purpose  of  making  those  who  employ  the  Dispensatory  fumiliar  with  the  la.tter,  ud  pa* ing  tike 
way  for  its  introduction  into  general  use. 

The  Therapeutical  Index  has  been  extended  by  about  22^0  new  refeieooes,  making  tka  total 
number  in  the  present  edition  abnut  6000.  . 

The  articles  there  enumerated  ns  remedies  for  particular  dl?en»i**  nre  not  only  tbr»e  wbMw 
In  the  authors' opinion,  are  curative,  or  even  benefloial,  bu:  lUjtliM 

been  omployed  on  the  ground  of  popular  belief  or  profe.'  ^to  of  M 

much  ooneeqiiciice  to  be  ao<iuninted  with  the  worthletana.-:,  ■,.  ■  ■. .  ....,   i..,.  --•^  iVa 

narrow  limits  of  their  rower,  m  to  know  the  well  nlte>'ted  virtues  of  othorn  u* 

under  which  they  are  dii-pUyed.     An  additional  value  possc'seii  by  such  ui^        i  tt 

contains  the  elements  of  a  natural  olassiflcalion  of  medicines,  founded  upon  im  atijii^ Ma  uX  the 
results  of  experience,  which  is  the  only  aaf*  guide  ia  the  treatment  of  dineaa*. 

Ti  '  '     '  <>   or    •iic<'«i»,    seldoin    fwrelleletl,    ke«(i  tits  wurk  a|i  to  lli*  lime. — /f*»  geaawWaa,  Mvw> 

ftb'^'v  '<w  wnll  the  natborti  hkVe  mat  tbo 

«xi-i  '  i  ihu  iiliHrrnacpntleal  aod   meiticul 

pri.<t<>~i>l'>ii><  <<r4ii(yiiiK  us  It  mant  ba  to  lh«m,  they 
nii*i<  «nil>r«ceJ  tb«  oppi>rtualtf  offered  Tor  •  ltaor< 
ocii{h  i«Tl«loD  of  lb"  wli.>le  wurit,  ■IriviDf  tu  em- 
brace withta  it  H.U  tbAl  lutKbt  hmvi  ba«a  umktled  ka 
the  foriaer  •j'lUInQ, Hn<l  nil  chat  hAnntnTl;  appeared 
nf  HaQa^eni  Inipuriauce  rlurtpK  tbn  time  of  kt«  col- 
UbonttToD,  au<i  I  be  oborl  totMrTiil  uUp««di>lDoe  Ibe 
prerloo*  palillciUluu.  After  h^viug  ijooe  ciir-'faUy 
tlu-na^'i  l!ip  V'.lnTiio  wn  III  art  All  lait  that  llic!iutli'>r'< 
hav.  ,v,  i»ud  Willi  Kacc(M*»,  la  III 


1870. 

Till"  1<  n  'zr-i.t  «r.,rV  >•< 


T  tlio  ■blc»t  WTitfft 


liihi 
p.M 


'ti^r  uf  Ibelr  work  Ai  H 


>'.:.v. 


..■•'  in 

.iCd 

1S70. 


Therapou'-Scs.— jMi,  Jour.  <■/  Ph.inn'U  y 

It  \»  wltb  fcreat  pl<i«.«are  that  we  aaoonoee  to  oar 
readers  the  appearaoce  of  •  iteond  editloo  of  itn' 
national  OlBpfiDMtory     Tbe  total  exhaofittim  <  ' 
flrat  editioo  In  the  abort  tpacn  ot  six  muaitir, 

SnBICleUt   |<"-i1t.,,piv    i.>    the  *alU»   p:.ira,l    vin..ii 
work  by  1  H  iipp«i»r 

sale  of  iVif  innit  hiiv« 

editors  Ha>i  --.  i... ij«r  to  ua)i4  j.  , ;  . 

a  new  edition  imiaediatel/  Httar  Ibo  drsl  tied  Ireau 
l»8ned,forwe  flod  a  lar^e  amimnt  of  new  matter 
add«d  and  a«t)od  deal  of  the  prertoim  tnxi  alti-rnd 
and  Improved,  wbloU  vrov**  that  the  anthors  denot 
la  lead  to  let  the  ittau  grow  a%A«i  tkk«U  (aei,bat  to 


)  I'lr.i  '.if  latmnnUt  --luly.  I 
pmduHnjt  a  dUpnnsalary  ' 
lull  trill   l>e  a  la«Unf  mrii. 

of  th«   «.utlu>r4  wht'  (>rvnim.vd  it  --^Umtrmjl^ 

J'jufwil,  Stn.  I87tf. 

;.  ,„  by  far  more  iDlernatlnaal  or  aalrerval  (kaa 

fluy  oitiiir  h>ii^k   of  fbn  kind  to  uor  lan|r««#a,  a«4 

incro  «utupr«linuil*e  la  «v»ry  •«o»^—  t'avf/ig  MH. 

unit  Surp.  J,7U»^n  ,  Oot.  J670  ' 

Thi«  National  Dlapeaaatory  )•  beyond  dttpot*  ito 
rnry  t).i:.'  ai-ilh.->r-|v      U   I"  llir^><i,;h  .at   r.,ri.,l,u  |a 

,    txr 

^4 

ria 

II 

3» 


Caimdu  MtiX.  iiit'i  Hurg.  Juuru.,  JTeb.  LtibL, 


I 


HuNRT  C.  Lba'8  Son  ft  Co.*8  Publicatiows — (Mat  M^d.^Thera-p.^dc.).  13 
TlfAlSCH  (JOHN  M),  Phar.  /).,  '  *' \ 

A  MANUAL  OF  ORGANIC  MATF.UIA  MICDICA.     Belnf  a  OuMr- 

to  Mntcrin  Medlca  of  the  Vitgetivble  and  Animitl  Kingtloui*.  For  lh«  uxa  m^  BlB<i»nU. 

Prufigist-K,  Phnriu<iel»t(<  nnJ  Physicians.     In  one  hKT><t«iiam  myul   12ioo.  rolume  of  4A0 

iwgest,  with  lSi4  beautiful  illoitrttiion*  on  wor«d.     CI.'     ?■■  --  ■        ■%,  ,,/y,) 

The  nb.ifft  loiuudl,  by  «  wpUknuwo  AuUiorliy  iu  |  vennlaliU  ■  Ally  tollt  »■»!«• 

thl-«  .I..1...  ,r,,,..nt  liDd  on*  or  the  aothor*  of  th*  .Vfi-  i  ««|i«*l»llv  ■>  H)..!u.  ilio  liook 

H.:                         tl'try,  it  a  work  fir  which  ii»iidt»«t»  ;  will  b*  frtauJ  -o  (-xc...  -  .l-lf 

of  I                        I    .iil(f  heifratpfni.    Tim  snbjecl  !•  on*     one  for  lh«  fiuf  ji'Hiti*  f"  '"<• 

III      ■  -liini.r   ni.»J..    Hirt   (;nif](|5C»  Cif  4   l^'iWd       kboBllI    hi  TH  k  luFfD    »H  i  _  '    :  '/»<, 

cU  ■    'ho  li»wllcl*rinrnt  I  J»»    7.  IJiSj, 

*!'  iiR'uHwt  hH^liig       Ttipr«  Kro  mnny  ri>iTP<el«Q-  «r%o  wUh  »  «ADela«, 

•0  1........ i,     ....     .....:,,       •',.,.  t,.,,ii.  iiitiN ......      _.  ,   ...   f..     ^  .^1.    .-    ij» .,- 

ttie  ct«.>Killc«.lion   ndnptod  b<>iii>(   i 

tical  oa«  ;  ih*  D.>tlc«of  «iirl>  <Irn< 

B<fa^>*rall«lii  l)ekai{  omtUtMl,    llU.-....f  •'■ — . — >  - 

by  •ouiM  two  handrail  wouti-eol*.— iriostcm  Jfad.and 

Swrir  ^otirtv,  Jan    li,  li>-s2.  ' 

Id  thf.  w.-.ik  b•for^  rt«  b«  !>«»  Bltn«d  lei"  «l  pro- 
daclD|;aD  i^xbaaBtlre  traaUn* '>n  Materia  l(«.i])«a, 
than  ivl  i>riiT  idlnijUKniH^oikn'InflpDtiii  hl«  sin. 
i\,-  -  '  ■       .'!ialo« 

SV  rr»i.ly  . 

Iu  K'laie 

Of  Ui.'hI   ..f    111.'   It-Jiliuij    drugs,    t»\'nA*\\y   ( boa  ft  of 


18M. 


iii»    uoe.i* 


<it 


i,i  till  «in.lra1,  tli<*  work 


Baalda*  Uv'. na 
wlU  b»  a  k'  .»«>, 

frcm  »  tn.i--  ii'a 

of  i>>fi  trriij.  cUutitlc  »tujjr  ih*l  i«  iisw  hoioj  jtftr^ 
•  urj  In  cbai-maouloxy  — fAyvKidi  and  Surg*»i^, 
Feb   19S: 


flORKIL  (T). 

V  Pro/.  /ufA*  Fur 


.>/.  /rt  fAi"  Fiiruitu  "f  *f"'  .  I'nriM.  '*-*'         Pr'\f  in  tht  CnlUgtnf  Franc: 

MANUAL  OF   PATHOLOOrOAL  HISTOLOOV.     Tnitifllrvtofl.  witb 

Note*  nnd  A'Mition*,  by  E.  0.  SnAKR.<irEARR,  M.T>    I  ltob 

Ui  Philmlit.  Uoj'piliil,  Lcoturer  OD  Refraotiun  i«n>H'|  '  <iiv. 

of  Peu&Jt.,  liuii  by  Ubrky  C.  Sinkr.  M  D.,  Deroou.-.  i  ...  .         .„.,.  ,..^y  \n 

th«    Unir.  of  Pa.     In  one  verr  bandfoiu*  octnva  vilume  of  over  7  vritb  over 

350  illuftrations.     Cloth,  $5  611;  leather,  $C  60,  half  Hup.'ia.  $7.      i  >/.) 


Brnry  >tni{«al  of  [latbo'oKy— *od  <ir«tj  pracll- 
|IOD<roiiKhl  (11  h"  a  Htndeol  of  p4(h»l<:>iKy — >h'<u)d  I 

haTpC-rnll  an.i  i.'  .r.ri.,r n,^.,  i...  \.  ,,.i..  ..n.i  i,.-  . 

will  flnd  It  in? 
h1«  4)««A. ;    In 

miktUr  U  C.^Umi,      .  :.'.i- "  - 

fouDil  la  th«  H»rne  fuiiu  anywhcra  «iaa. — Can,  Hvl 
an4  fiurg   Journnt,  Juuu,  l&il). 

T;  U    ool  a  toll'  '   ■" 

Cill  -  bMii  wril'. 

,1,1.  .MN^ro    1".".' 

know  i.  .1^-  ,iu  I 

Irolloil  by  ami 

abort,  {'-  tr;i^. 

pK!  ,    :  ;ii  .Jill  ],.  tii;ar^H,  .ii.r.  t  iiiii  rr.  i-y 

ti.  ;il  Jo  have.— JrcAftM  o/ 3f«i- i 

tci 

Wa  Uavu  um  l>«*ii»tios  In  enrdlally  racommendkog 
tb«  KttclUb  iraDiil'lloa  .>fCoratl  k  RaovierV  "Pa- 
tboiogtcal  Hl*ti>lugy"  4«  the  bo»(  wurk  of  lh«  ktod 
In  any  Un$Qa$e.  and  a«  fclvlsg  to  It*  r*ad<>r»  u 
triiKtwurthy  gaidn  to  uhluliiioK  a  broad  (nd  Hulld 
baolK  f"r  the  aftproclatloa  of  the  practloal  hearings 


(if    palhulujflral     aBatemy,— jtnt.   Jvttrn.   of  iffl 
ScUnemi,,  April,  >SP«». 

Ttjia  linpi>Tt«nt  Willi  ■       •         ■  * 

walcdtnn    tit</tt\u)(  t'l 

iPh^fh     It     ITr-i'v       Th. 


.:  (Ill-  lO'lHTi^n*.''!"^  w.>rl»  < «   ih« 
<■  aind«Dta. — I'Mln.  JVWl.  T<ln(#, 


Thia  rolBtn*  w«  cordially  fonaaad  to  thepfofna- 
•liift.  It  will  pt<t*n  1  »ulimli|».  «ltB"»!  B<»w»*ry, 
addlllna  to  the  lu        '  :      i        *  i.>  be 

phyntcUun,  an>1  '  ^ra 

[diyolcUn*.— jl.'  0 


Tbo  bfi't  aad  I  . 
Ihit  tiil.jfx-i  fmni 
UriUriil  Pr*t«  U'^  - 


<uy  eunatry.—  l/nndon 


pR/STO  WR  {JOHN  S7BR),  MD  ,  FR.C.P., 

J-}  PhynictcxnunU  Joint  h*clu>rr  on  Mtdicin*  St.  Thanuui' rfo^/iUnl. 

A   TREATISE   OX   THE   PRACTICE   OF    MEDICINE. 

Ainericati  edition,  revified  hj  th*  Author.  KillUd,  with  .Addilioitw,  I      ' 
iHiiaK.  M  L>. .  Pby»iri«n  in  llie   Peiinu.  JIoKpiia].     In  on«<   h.tnd«<  . 


neiirlv   1200   pii|^ri>,  with    illuiitrationR. 

raised  band*,  ffl  50,     {Now  Ready.) 
The  itaeoud  aUwlnn  .if  tUlx  cTrrl>nl  wir)r.  Illn*  ilio 
flr>l,  bat  rea«iv»il    r  '        ' 

AaaoUlloua,  by  n1>i' 
ar«  poeallar  lo  ihl^  . 
a  trnatla*  whleb  w. 
lloacr*  aod  niiiiUril' 
OB    tlii.    t\ii>  ..f    tli,. 


Cloth.  Id  (10.  leftthor,  4 


Second 
ri  iiiTTCi- 

iliime  iif 
r  HaniB. 


Tha  vlawa  of  lb*  antfear  ara  nT|irM«rit  with  pT«al> 

u  aod  •vtllvlaul  firuRiplav-- .I^at 

I   lh«  weight  ofliia  aiilh  i   tha 

rnl  pr.i'fshor  ■lllf.'.r  ,-.ti  .iii  -Joe- 

■>;  .i»K.jiTi"iji.  I. .parry 

:»*lua.— aV.  O   JfnJ.  untt 


lA    t.->i   ..Willi;   111"   1  ilpriil   t'''">"''li  "!   iii"')1'  t'    •ci'iM.". 

— Uvit'in  if'liunt  aH4Surff(0ai/>'Urntil,  K«bfs«.ry, 

In 

P^,  •  •    -  ■ -■ 

fnl  Hiao.      Wtiai   b»»  b<.ti» 

and  ibw  hot^k  la  •  fair  rol.. 

kn'-Min   oo   Iha  •t»li<t>etB  t^_.._...._.        -.^..    w..-. 

B*€pr<Ur,  Jan.  7,  IbM, 


nri 


r>t..,  Uar«ti,  ]j>iia. 

•■!  I»  «-  !t!i  i-Trrllfol  work  ft>r*tn<|oiilaaa 

-' '■■  -  tHa 


14       Hbnrt  C.  Lba's  Son  ^  Co.'a  Publioatzonb — {Pathologx/y  He.). 

F^  — 


EN  WICK  [SA  MUEL),  M.P., 
THE  .STUDENT'S  GUIDE  TO  MEniCAL  DIAGNOSIS.     From  the 

Third  Revised  and  Enlariied  Enftlirti  B'Utlon       VTUh  Bi^hty-rour  illaslratlao*  OB  «»q4 
Id  one  very  handsoaie  volume,  royal  12ino. ,  cloib,  %%  th.     {.Latfly  litu^ii.'Ji 

(IRK EN  {T.  HE\Rr),M.n.. 

PATHOLOGY  AND  MORBID  ANATOMY.  Fr>urth  Anienc»n.froi 

the  Fifth  Rn1ar;;ed  and  Rrvi^ed  Rngtinh  EWiiion.     In  one  verjr  hand«ocoe  octavo  rol 
of  about  350  p.igHn.  with  138  fine  engrnviagi;  clolh.  S3  25.     (/«**  Renfip.) 

All  lh«  g  lod    h)itn*  thai  biire  t>««n  •alt]  aad 
t  >B 'if  firwTlon*  i»>tlMoD'<  apply  wuh  iid>i-<<!  r..i 
IbU.  aiiil  we  kow  di>1  how  in  rrronnn 
too  hliflilr  to  hII  miiriHalii  ftnd  to  lb    •-  \ 
who  bate  Qiit  »  ro<«Bi  «>(4UlriD    «n<t   v^  ...      .  ^    14 
Ico  >w  ib«  why  aail  wliersrure  of  tbo*«    |>rQTa« 
which    fall    nndnr    Ihnir  dally  ohvervatloa.—  ~ 


•o>« 


N.>  latit  dliCikTery  or  torfinrlfaitub  ban  b^eQ  f>v»r- 
>ked,  aad  lh»  lllaatralloaH  ar*  ihe  bent  ibat  tter 
loompiolrd  any  b^iok  on  Ihr  KMbJi>cl  lu  few  de- 
iriia«ut>  of  mpdlolue  ha*  »o  moch  progrs**  bei  n 
Bud*  of  l«te  a«  Id  lh<t  of  pathology  »uppori'd  •*  II 
by  lb*  pTomUiof  «oieDCrii  of  Molocy  ami  phy*l<i. 
^Klral  cheml'lry,  aad  Ihrun  Me  at  Ihr  bH^li  of  «ci 

it<dc  treatment      It  wlil  rrpaT  moet  pritcllllnDe>ii  |  Jnunk  ttf  M*A  Hctt^ner^  Auf   1^1 
Le-Tia*  thlla  book  at  leaet  m»o  or  Ibrea  Mm^  _  1      ^,  ^^^^  ^         c.«BiHer,d  Ibl.  (he  \f*\  n*\*» 
UUutffn  Mtd.  J.,»rn.and  Ka-«m*««r,  Feb  .  18^2.  prp„n,»  |  .^  ,bo  .lodeat  for  Ibe  Idrntflr.tl^q  of 

tr  the  pr«et1llooer  ba>  aa  ambl'lna  to  eaF#J  or  a    rliin*  mnrhld  tl««De"      WebtTur"       '  • 

t4e<1re  luadraeee  ta  troth  ib«  •cUuei>  of  iniJIciur^  factory  tlma  aay  iilbtr.    The   p- 
^lla  Kbiinld  be  riimlllar  with  p»lboii>g>r«l  KD(4  morbid     b'on    thuroaably   rnTi»ed,  nod    i<i  ' 

aoa'itmr  «■  de«ertb«d  in  the  biHik  aowon  oar  tabl^  I  bail  beoi   ad'ted.    Tn  Ibe  phyakMAU,  a*  *  <>ji>t'  r 
—  Va.  Mtd.  M  nfA'i/,  Joly,  18S1.  dlagaoma.  we  •reoinnioMd  ible  Tutniua. — Phf)* 

I  and  S"rg*nH,  Mny,  1.>S1. 


Ji'' 


OTRERGILL  (J.  MILNER).M  P.  Edin.,  M.F  C.P.  U'vii., 

Aft   pl\y»  tnlft*  W*»t  r.itn-i   H'ttjt  :   A»»i    Phy*.  I4\  tht  fH*V  itf  t,ni*H.  ttn»p.  .«tc. 

THE  PRACTlTrONER'S  HANDROOK  OF  TREATMENT;  Or,  The 

Prinoipleii  of  Therupeatici  Second  edition,  revioed  and  aular^d.  In  nne  v»rT  ii*«t 
octavo  volume  of  about  450  pagee.  Clolb,  S4  00;  very  httudsocoe  b«lf  Rtisat»,  %h  oi. 
( Jutt  Ittntd.  I 


A  l^ok  which  iHQ  icire  enrreetly  nnd  Inter'nrincly 
!•  well  a>  aet'DtlSeally,  ibi>  lufihxit  nf  pre^crlblcK 
hod  the  ra'iottale  of  the  Lieai  Iberapeu  lc«  In  lb* 
rAAtiQ«Dl  uf  diaeaxa,  la  maulfexily  juxt  the  Wi>rk, 
rhich  each  phy<lctan  de'lrea.  It  U  ru<  ex  rava- 
giat  etiloKy  'o  iay  ibat  Ibe  phyclclap  will  flod  In 
Ible  w.^rk  01  V  Iberfitl  Ibe  «ui()<>  wbloh  be  ••ek*  for 
bl«  tbe'ap4<nilc»  i  .or  not  «D'y  t«  the  Ir  H'ln^Dl 
wbleh  be  leeki  already  lodlcated  htrela,  bat  the 
ratl'iunle  of  ihA  treatiuant  l<  aa  eleatly  esplasned. 
—  fjaillar<i'»  Jf'd   Jovrn.,  t^e|lt.  I'hO. 

The  author  maril*  the  Ibnoka  nt  every  well-edn- 
■  ted  pbyaiclRD  for  hi*  etfurla  toward  ra'tnaNllzlitj 
Ithe  IrgatmaDi  of  ill>«a>«i'  apou  <  he  xclRnMBu  baalu 
pbyaluUigy  E  ery  <  bapier,  every  line,  baa  the 
■  lire*"  of  a  ioaiit'>r  baa-l,  and  whll4>  the  work  li 
'thoroumbly  teleotlBo  In  •'very  paMlcnlar,  it  prekent  > 
in  the  ttjoii|(bt  al  r*adoi  all  ibe  charmn  aod  bcan- 
lle*  of  a  well'WrltLvn  aov*!.  No  vby*lclao  een 
wall  xfl'urd  to  bi'Wlihoni  thi*  valuable  work,  for  ita 
orkitiDaliiy  make*  It  fill  a  aicbe  in  medical  liiera- 


tore  bitberio  vacant,— A'(t«Ae(/(«  Joum.  cif  M»4.. 
nntt  Surff.,  Ooi.  18*0 

Dr.    FolhargiUV   hook   rrlnlt..     ■  '    ■'     to 

the  prlnc1pJe»  upoa  which  railooA  4 

be  h4*o],   and  a<«  ancb  It  U  aii'  ^i- 

rD''0'iad  for  ttie  alBily  of  all  »tiid«ut«  »uii  ir«ci' 
tlooera  of  medicine. —  Viringin  Med-  Monthly,  ^'pt-, 
138ir 

The  Junior  metnbera  of  tha  pr<  f^-taloo  w1i|  ta4  la 
tt  a  Wiirk  that  <-buald  dot  only  be  r»»d.  but  c«i<- 
fally  I'ladifcl  tl  will  iia>UI  Iham  l<  1  I  .•  1  1  i-  f 
•eUcltoD  ind  rcvmblnaMiiu  of  ibnr  r^-t 
b«*l  adapifd  to  each  e«>»  Mod  couditloi 
lb«m  to  preacrlbe  li'ielllr*Oily  .n.l 
To  till  full  Ju*llce  lu  «  irork  of  ii 
(leierwill  h»  Impoolblf  In  a  r^.  1 

The  bnili  lia.  If  iBiial  I*  f«»d  i.ibt-         ._ _.,.i 

—at.  VnuU  CfturUf  0/  M'dleint.  H^f.  )^6i>. 

Bof  h  ta  Datier  aad  maoaer  the  txink  le  ■»at  tker* 
oQghly  exeelteoi.— O/tCo  M*<t.  S«evrd^r,  Oai.  UUk, 


M 


flADERSRON  (5.  O.)  M.D. 

-*^  J9rn<'>r  Phyitiri-m  to,  ami  lata  UiSluf«r  «n  tht  Prtneiplu  nnd  PraetiM  «/ Jf»*Ulmt  nl,  Owf't 

Hotpilai,  rtr. 

OX  THE  DI8EASES  OF  THE  ARDOMEN.  COMPRISING  TITOS 

of  the  Stomafh.  and  other  parte  of  the  Alimentary  Cnniit,  <E«rtpbnjjii».  Cv«aiB.   lot 
linen  anil  Peritotienm.      Second  American,  from  the  Third  enlarffed  and  reviaed  Rai 
lish  edition.     Wiib  illu-itrntions.     In  one  hatidnoiDB  netavo  volume  of  over  &00  pa^ 
Clotb.SS&O.     (Latriy  h»HtAA 
ThU  valuable  irealUe  on  dl»e8«ea  of  (b»  atomach  '  amended  hr  the  ao'hor.   Bar»ral  naweliapleni  ba 


Of 


and  nbilnmi^D  baa  been  unt  of  print  fori»veral  y^wrc, 
1*  ili»refiire  nor  «a  well  kaowa  in  ibe  profen^lon 
It  doArrea  to  be.  It  will  b«  found  %  eyoloiiie>dla 
loformatloo,  ayatematlcallr  arraof^d,  on  all  die- 
eaioa  of  the  alli9»Dtaiy  tract,  fmm  tb«  mo  itb  to  the 
reetam  A  fair  proportino  of  each  ebapteria  devotod 
t"  tyinptome  patlintoiry,  and  rbard|>eaiici.  The 
preaant  edtlion  la  fuller  tbaa  forioAr  <>n<-i  Id  many 
partloalara,  and  bat   been  tboruagbiy  revlaed  and 


bn«>o  addad,  tirleglug  Ibe  work  full  y  np  !n  tna  tl 
and   malCtuK  It   a   roldme  of  inl 
ilonertoevo'ry  flald  of  raedlola>f  n 
rerled  aniritiiia  la  In  laioe  form   '  L 

dt>en4ee  w«  have  to  eoonbat,  aad   vr.<  • 

llabt  that  c«D  '>«  obtained  on  a  *nHji»c>  I 

KHoeral.     Dr    H»b»r»boo'a  work  ta  .m-  .  » 

pracilttoaer  ah  >ald   read   and   eiady  for  bla««lf  — 
U.  T    Med  Journ  ,  April,  197». 


I 


OUaOB'BATLABoi-PATHOLOOICAI-HlBTOLOOT. 
Traaalaled,  wllb  Nolar  and  Addlllopi,  by  JoeBra 
LaiDT,  M.  D.  Id  oa«  volame,  vvry  large  <n)  parte  I 
quarto,  wllb  9Sn  copper-ptate  flgnrei,  plain  aad 
eotored.olotfa.    94  00 

H'^l.LAND'8  MKDICAL  HOTBS  A«D  KSFLEC 
TIONS      I  vol   Svo.,  VT'^'^".  *'"«*>      •'  ^*^ 

BARtOWB  MASOAL  OV  TB^  V«.KC,T\Cl  Ot 
WBDICIKK.  With  A4<V\V\>t»a  >>7  T>  T  tH>»«i» 
it   J).    I  to\.8to..  pp.«JW,e\0VU.    V%W. 


tiA  ROCHKOn  TBLLOWPBVlR.eoaaldera«ttt  lie 
HUtortral,  Palholofleal.  llloloKlval  aad  Thera- 
peutloa]  Relation*  lb  two  large  and  haadaose 
oelBVOTolaine>  ef  nearly  1  ftOf*  pp  .elotfc     •?  eo 

PAVT''=  TREATISE  0P«  THB  FCXCTIOS  Of  Dl- 
OBi^TION:  It*  Di>order*  and  Ibelr  Trwatmaat. 
Prom  tbe  Second  Londno  edUton  to  oq*  baa4- 
aoxaa  volatne   •mall  i>oiaTo.  elotb,  91 OO. 


Henry  C.  Lba'b  Son  A  Co.'s  Publicatton8-^( Prac/iceo/  Medicine).  16 


pLIST  {AUSTIN).  M.D., 

^  Pro/amor  n/ ' Kf  PrincipltM  ^nii  Praetto» 0/ MrdMn* In  BttttiVHt  tftd  CnlUfft.  N.  T. 

A   TREATISE    ON    TUE    PrtlNClPLKS   AxND    PRACTICE    OF 

M8DICINB  {  dpsifCD'*!  for  the  use  of  Stadenta  and  Pra«titionprf  of  Modinin«.  Fifth 
•ilition.  «ntirelT  rewrillan  and  inu-h  improved  In  one  lari^p  )ind  alo»ply  (irint»d  onlitvo 
ToliiiiiP  of  116^  rp.  Cloth,  tb  60;  leather,  $(i  50;  rery  bftDdauine  hulf  Kujbia,  rftifcd 
bnndi,  $7.     {Jhh  Rtody.) 

ThU  work  b»*b»«u  •"  loDg  'oA  fuTonlily  Vnowa. '  y««r«  b«for«  It  yJ«M«  lh«  ptM©  'o  olli*n. — iV-idk- 
aoil  tutu  nbtnlD^d  -o  h'gb  a  povlUoD  amoDicat  iDi>d-  vtil*  Jonrn.  of  Mrd.  ftnd  &urg  ,  V»\>.  1891. 
era  itpKUm  .>n  msdlciD.,  tU^t  ll  ih  li*rflly  ufctn  '  ..pnofg  Prjctico-  U  r«e.i«hlu«t  to  he  »«liD(tKr<l 
»«rylo  du  m.>feth«n  »nn.>uoc«  the  t.iihllc*iloD  of  ,re,nw  of  high  raok  ii(.«a  tli-  prlDolMw  And  ti.« 
Ihli.  liflb  «dU»..B  All  wb..  piTu.«  U  ron.l  bo  .trnrk  p,HcUco  of  mndlolD*  wh.r«T«r  (bo  Ro<IU)t  liiaan«<« 
by  Ibo  •xt^'.iilre  r».«»r«l.  wMcb  tm.i  h«»n  uod-r-  ,,  ,^^^  The  opinion.  •TBrrwhBr.  r«»«»l  ib*  m«a 
taken  In  tlis  r«»lKl.>n  of  tr|J«  rdlliop  comblu»d  with  ^f  axien.Wi.  «x(.pri»iic».  .)U>*«at  .tiidy  citlai  Jod«. 
mncli  orlgioil  'h'ligtH  Tbore  U  burdly  « '.iil.).- t  t„,o,^  .^j  uBhU».«d  crillcl.m.  fh*  work  tb^iild 
wbtch  do#-  nalr-ci.lr*fr*.hilluMr«tim,»od  dl»i:<i.-  ^o  In  th*  h»q.1«  ..r  »»ery  pr*clU(ooiir.-J»*M  K..rft 
•l<>n,  0£'"Btnit  npofw  Wut-t  m(  \n<^a\ty  wiilr.h  biil  oii{  j*,,/,  Acoonf.  ffb,  2«,  IMl 
k»»n  tboogbl  i>f  when  Ih"  Ori»»i.iii«pdirii«D  *''|>««r»J.        _.'  ,'..*'  •    ,  > 

W.enODuTc.uclnd- tbl«  potW:..  wHhonI  »X(.r«.ii.s  The  .|yU  »nd  eh»rH<5  #f  of  thU  work  »ri.  «<»»  well 
onr  •dmlf»«lnn  of  tbu  Toluin«.  wbleh  !•  cprr«luly  kariwn  lo  Ihn  profi...lop  to  mjoir*  »o  lTifrr.d.ip(t-.a. 
uneof  the  .und.rd  i'Xi.)i.<.k».»n  luedlelne,  «ud  we     ?"'  •  unm«.»r  uf  y«»r»  tbl«  Tirlnin*  I.  4 

w.y  narely  nmrrn  tb*l,  lakoo  »llr>«?(hc<r.  U  ^nl.lhlli    I''«dlo»  P  "UlMtt  m  ii  lexi^b  luk  lo   '■  f 

k  folUr  iiDd  mu\ft  ncriimlPtiUK-e  wub  r-c^nt  piilbiv    m^J'"!  nrliooi*,  and  ibe  hijh  poilii   ,  .  u 

logical  looMiry  Ui«n  nnv  ..mil-r  work  wllb  which    "  '"  »''"  !'»•'  •'  »  «i»'»o'»e  "f  •  '"■»''|X  "■-  •    '■ 

wi.»re«rM««li,led.  wli>i;t  al  Ilie  »me  Hm.  It  -h"-.  •*l'>«  newedlll..ii  I'l.e  h«..W  .n«y  b« -«ld  ro  f..pf».e.il 
It*  anthrtr  to  be   po»»e..«d  ol    (he  n.re  f»cultli«.  of    »be  i>re«eo«  i.i»le  of  tt.«  «*le«oe  of  niedlclo.  ;..    n.iw 

aiidxraroii'l  nod  t4a<ht.  It  I*  •  •itf»K»l<>*  lO  "I'ldnill* 
nnd  prii<*illlon»ir«  >•<  inedleitto.— Jfdfj/^Nrt  tff'tifiil 
Jo-irit'tl    M«rcli  1.  18»l. 

maty  •drflH-.o.  *Dd  cl.auge*  b.f«  bceu  tnade  tb»t  T''"  •"""J''  ''•'•  '«  "•>•  e-tlH^n.  reTi.ed  and  r»- 

one  well  .ci.ialoted  wLh  pr^rlon^  -dltl-o.^  would  «t'"«Q  *  if"'  "•"   »"J  "•«''•  "  "Cfd  with  th. 

h.rdly  r«o»DM.lbli.a.»o«ld  friend      The  .Ue  of  More  »dT. need   ld«.   wb\eh    h»Te  b«*u  d-»-l.>(.-d 

the  »,;iuri.e  I.  .iM.»»wh«l  luere»..d.     Ad  eaiire  new  w\IMm  (he  p*«l  f«w  y«r..      He  1.  »b«  nrnf*  flue  J  lo 

■eirllonand  i.i.»er»l  oew  ch*p»*r.  havebeea  added.  <*"  •«.  •"  ''"  ''  *«"."'7  •''«*«»'»'"   tl*   I»r.<'«-.1.>«, 

It  k.  atilrer.Mily  conceded  ib.l  no  t.xl  book  upon  »»'•  "»    "nike  deduction.,   not  from    ibe  work  of 

tbli  .Qbleet   w«,  eter    puhlLbed   In  tbU  c.antrr  Mh»rt.  b>.t  from    hi.  own   labor..     Ii   i..  treall** 

lba(  «»a  .1  all  compare  with  II      It  ha.  I.<n|(  been  »»>l-t,  e.ery  Arf>-rtc»l>  pby.lrtUo  about  J  ha-e  up.-a 

%i  tbe  rery  bead  of  Amerlcaa  lest  hook  llFeralnre.  »>U  table,  aad  wblch  b.  .Iinuld  conj.ttll  on  o«e».loa. 

kad  there «^D  t»«  ao  doobi  ba.  tb«t  It  wlH  be  many  -■''<'°  "U  l-l.are  |«rn,U.  h  w  t"  do  .o.-flf.  X,»u.# 

jy  a  nnd  S^rg.  Juurnnl,  iurob,  laSL 

r  THK  H*VE  A  VTHOH. 

CLINICAli  MEDICINE;   a  Systemntic  Treftlise  on   the  Diasriiosis 

and  Treiittnenl  nf  Di'en.xeii  Derij^neil  for  Btiidentfi  nnd  Pruptltionert  of  Mrdioilie.  In 
one  Inrge  iind  hand-'oinp  orlnvn  vuluiue  of  7V^  p&ges;  otuth,  |4  50  j  leathvr,  $6  Ml; 
half  Rus-ia,  $6.     (^iMttly  hiu>,1  ) 

lo  tbU  conniry  as  ibat  of  (he  aothor  of  two  work* 
of  ii'-eai  merit  on  •(•ei'ial  •<i)>je«i«,  and  of  «iitni>riiii« 
papfin,  exhtb'tiu*  much  orlclDelliy  end  exien»lTe 
raa.  areb  — Thf  DithUn  Journttl,  l>ee.  ISTO 


po**e* 

(leer    expiiHltloa,   tUoa<btfnl    dl»er'iiiin%il  <b,  and 
konod  jQd(ni>rnl  — Lnnd-'t  Lanrtt,  Jaly  23,  l*>K1, 
Praeileatly,  tbia  edition  I*  a  new  work;  for  .o 


B 


The  eiDlDxni  eaoher  who  boo  wrllieo  ibo  rulani* 
nod»r  Con*!  lerntlod  bio  recoguiicd  tbe  uandB  of 
tbe  /^tnertcKii  prof»«lo«,  and  tb*  rexult  i«  all  tbat 
we  eontd  wUb.  Tbe  style  I  u  wtileb  l(  1>  writiea  I* 
peenlUrly  tiia  aalli'T'ii ;  it  \-  clear  and  fi>rcll>lr,  and 
tn-irlced  by  lho<>e  obar«cier|ktleii  whirli  Itare  reo- 
dnred  him  ooe  of  Ibe  b<>«t  wri'cr*  and  leeober*  tbl> 
coan'ry  lia*  erer  prodnred.  We  bave  uol  npace  for 
eo  fnll  a  eonttderailon  of  tbl*  remitrkahle  work  •« 
we  would  d»»lre.— *t.  LohU  OIIh.  R'n/rd, Oct.  I»;9. 

it  U  bera  tba»  «ba  itkill  aad  learalrg  of  tbe  freal 
tfllalelao  are  dlAplnyed  lie  ba^  given  uk  a  Ktore- 
boa»e  of  medical  kouwledge.  eicctlroi  fur  (be  »in- 
deot.conveuUot  for  (he  pruclttooer,  (be  leaall  uf  a 
long  life  of  Ibe  iDua)  nitibfiil  clinical  work,  eolleel- 
ed  by  eB  energy  a*  r  glliioi  end  •ya(*iDallo  aa  uu- 
Drtag.  aad  wo'gbed  by  a  jndgmenl  an  lean  clear 
thaa  bl»  ob«>-rvation  li  eloae.  — ./IrcAffw*  o/  M^dt- 
eitk*.  Dee.  l)-7& 


There  la  every  reason  to  bellare  Ibat  ibl»  book 
will  be  Wall  received.  Tbe  actlre  practlitoDer  ia 
freiineally  lo  onad  of  «>iime  work  that  will  anahja 

blin    to    obtain    Informalloo    la    tbe    "  ■ -:nd 

ireatmear  of  eaa»»  wllb  comparatiV' ;  'r. 

Dr.    Flint    ha«    tbe   faculty    ..f  eSpr  -If 

dearly,   and  at   tbe  aaine   (Itne    «u  '  'o 

enable  tbe  aaareher  lo  iraverxe  ihf  .'i 

of  bta  •••arch,  and  at  tb«  •aine  llnie  <»! 

la  e««entl«l,  wtibuiit  plodding  Ibrotmii  ni>  •uxrutl- 
oab'e  «p«ca— y.   Y.  M»a   Jnnr..  :(<>r.  1»i7a 

Tbe  great  object  I*  to  place  baf  tii  lb' 
latn»l  nbaerra'loa*  and  •xparl'^!. 
treat  neot     ^n«b  a  w  >rk  U  e  .- 
atndeala      It  la  complete  to  't. 


reader  the 
'••Id  aad 
.*'i|e  »o 
■gtt.  aad 
ke.'p  np 


To  glee  an  ai1«iiiate  and  ii»efnl  ennkpectun  of  the  i  yet  ao  oondeoaed,  that  be  C4a  liy  il 
•x(ea«lTe  linld  of  inndero  cllulcal  m>»Olclue  I*  a  teik  with  the  leetnrea  on  prarile*  wlihoni  oaglocllog 
of  no  ordlaary  dilllcfilly  ;  bol  In  arciini|>IUb  tbl»  [  ol  her  brancbe*.  It  will  not  "-C -pe  Ibe  noll-e  of  i  he 
COttaUlrolly  wiibbrerliy  and  clflHrneaa.ibi«dllf'r>  al  I  praclllloner  t  hat  eneb  a  work  i»  moat  ralnable  In 
Bub)«cl>  and  tbnlr  aernril  P'trl'  reei>iTlii|(  the  atrcu-  '  cul'lug  point*  la  dla^aouli  and  treatmeii  In  tbe  lo- 
tl^D  wblcb  felailrcly  to  their  jinporleote,  medical  j  lerval*  h«tw«"rj  lli"  .l^'  v  i  ..lol-  of  .  Lli.  iIuck  he 
opiulouc'alui*  for  them,  Ik  •till  niorpdlHIeuli.     Tiilii  ;  can  In  a  few  ..r  l>ara 

l4>k  we  fo-l   bound  to  a»y  b»"  been  exeroled  wl'b     tbe  Ut«at ail v  ■-  whub 

morethan  partial  »urre»i  by  Dr    Fllal.  who>e  oarne    demand   hie  '  'i  /^iiiMet 

ta  already  familiar  toitadeataof  adraDcaduiadlolne  1  and  JtinU-,  Oct.  li,  UTu. 


\T  THK  SAME  AUTUOS. 

ES^^AVS    ON    CON.^^ERVATirE   MROICINE    AND   KTNPREn 

TOPICS.     In  otte  trerj  handaome  royal  Ilrao.  Toluroa.    Cloth,  f  I  1)8.     {Lat*!^  hi-i*d  ) 


DAVIS'  r.UV\rKL  LECTUKB8  OK  VARIOUS  IH- 
POKTAN"  UI.SKASKS:  b'log  a  coiUnlon  of  (be 
Cllnleal  1.  rtiire.  dailrered  In  ibe  M»d1<t«l  W«rd> 
of  M«r«e  H  >.pl  al,  r.hlra«o.  bill  d  by  Fa*<<K  H 
Oath.  MO  S>'C  <nd  edition,  enlarge!  ta  one 
b«wd>o)Oa  rural  l3iao    voluiu*      Ololb,  •!  T.% 

OrtAMBBR^'  MANPAL  OF  DIBT  AND  RBOfMR!!  I 
IX  HKAI.TH  AM)  tlCKNEHS.  lu  one  biodeom*  i 
eeUro  roiuut*.    Ch'ih,9ni.  \ 


UTPROBS"  INTRonr'CTIOW  TO  THE  8X1*01  "F 
CL.IMCAL  MRUK'IAK.  bal«(a  (luld>  to  1  he  la- 
Teetlgalloa  of  Olaeaae.  la  oaa  bandaoma  l:!mo. 
Tolntiie.  eloib,  %\  %\ 

TODD'H  n.llCIClL  LB'TtTRKS  OJt  rvtt*'Ai]r 
Ar.rrE  DHKAStSH  I  •  oaa  naat  oeiaru  vuiaiae^ 
of  9i>  pafwa.     Clutb,  ^  30. 
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Hrnby  C.  Lea's  Son  «fe  Co. 'a  PuBLiaATiojie^ — [Praciiceof  M^ 


f>ICHARD^ON[BKSJ.  W.).  MP.,  F.H.S..  MA^  LL.D,,  i>^JS.A 
PUEVKNTIVE  MEDIC1>'E.    In  one  octavo  volume  of  about  5O0  i»g«. 

flA  RTSHOR^E  ( HENR F),  M.D., 
ESSENTIALS  OP  THE  PRINCIPLES  AND  PRACTICE  OF  MEDU 

CINE,     A  hi*r»<l.v  book  for  Stailf'nU  ind  Prnctiti^'tuT*      Fifth   ^dilion,   Ihor- •:-''' 
Tired  And  reKri(t»n.     In  our  hnndrome  royal  ISino.  volutiie,  of  GTU  page*,  «tltb  I 
trnlions.     Cloth,  $2.73  ;  half  bound.  $3.00.     ulvti  liru>ifi  ) 
Tb«  rery  gruat  nuRcesi  which  faiui  e:(h«u<'tt>d  fonr  I«r^P  edilion^  of  thiK  vrork  shovr  ih^l  fta 
kulhnr  hii.1  snoeeeded  in  supplying  n  wont  fell  by  a  lartfe  portion  of  the  prMfftsior.       It  h>j^UA 
•niibl<?d  hiin  in  sucovsflvc  r«vijion«i  to  perTecl  th«  detotl*  at  his  pl»n.  and  to   rf  't 

Klill  more  worthy  of  the  ftvvor  with  which  it  hau  been  reostred.     In  th*  |ir««»e«l  '  -») 

bunlred  brief  addilioni  hnre  been  aindp,  a  nuiiibvr  of  now    ...i  ,_  .     i.,,,..   . ^^  virA 

wpeoinlly  in  connection  with  the  I'nlholii^  •■('  the  Nervouj    -  .tt^tH* 

cotisiilerably  increased,  and  a  largo  nurabcr  i>r  new  .tod  oiir<  :  lo  kilal< 

I'iftrntion  of  medicine?  bnve  been  introdncerl.     An  neoouDt  '  •':• 

first  time,  of  the  method  of  jirescribirn  according  to  JJie  uiei'  i 

U|>un  Eyciif^ht,  it*' Kxfkuiinutioii  iuid  Curreutiitn.  In  |■lre^eft^ul>:  "i"  rniin.M 
lisherv  I'eel  ihul  it  is  lu  every  w;i.y  wnrlby  »  cuiUiniianceof  the  favor  bitbertii  a 
All  !••  itie  po|iii]»rtiy  oT  lh«  flflh  edlllim  of  t  toed-     Hon  of  the  fir':  ...lir  i>n:  i-i   h  .  i  : 


lc»l  work,  noUiiug  uMed  'j*  nuld  CmeKnitog  the 
one  befifre  iis,  we  ai«ti  only  ti>  any  thht  tlie  anrhor 

lin*  "Kffclied  Ml"  «>  good  Jii''lt;nipnl  «*■  w««  »p- 

Vmreat  in  farmer  eil I tiuun,  HUd  tbiit  hII  receni  Hilill- 
liiiDi  III  ihi«  neld  h4r«  t>een  l4\il  under  coiitribii- 
•  lOll    l<i    fill    ir*    PHSns.      A*  »   brief    «Vlll|)»B<i   of    Oik 

«>«anlliiU  uf  pracMcxI  uedlrlue,  we  have  ne^or 
■e"a  the  auperlor  in  this  work.  L'«ed  iu  >  proper 
iii«uorr  It  w!H  be  uf  Ktekt  tpr-"  •■  '■  'li  ruedteiil 
tiladehii  ubd  pmelltiaDer*.  ly  hu*  he 

dt(««tnd  biK  m»lertA)*,  aad  -  y  hft«  ht 

ikir«DKed  (bem,  (h«l  It  it  ■  r«'.>i  y, ■•,■-„,•■  i-/  reml  lilt 
work.  We  cmi  cordially  nuniniesd  t)  tu  iha  fHVKr. 
■  ble  it><>Dl)oii  nr  micb  •»  may  de*tre  the  Hid  of  Uh 
pKge>.  Tb«l  II  will  be  «TeD  m<>r«  hAt].irul  in  il> 
(MeNviit  fr>rni  IhitD  It  wnjitii  Tormer  editkonc  we  fully 
bellere. — Dein^U  L'tmvl,  Dee  ISSI. 
I'onrleea  year«  hare  elapieJ  eiiice  tbe  pobliCft. 


MDd    (till    11 

pt)Hi|>ih«d. 


lit  vuuiril>ii 
>atuUiid. — - 


■*. 


The  tttflm  !•  t.*riodeo<«d  «ii4  tarea,  y«l  alt: 
pArxplcnnna.     Thn  utii^i'jt  h.t*  ^fclTnllT  r  >  . 
«he  kern»l  fr  <  .  «»•!'. 

nr]tBa*> 


lh»U{<li  Ito  II 
Or  which  I 
•  fllijec'l,  yet 


book.— TucOtL'  MmL  ami  9«»#. 
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U700DBURT  [FRANK),  M,D.> 

'  r  PHf/nirian  t»  the  Oermnn  Uotpital,  PhiladitpMa,  tttte  Ohi^  Aatitt.  to  JWkL  OUlkiei,  J^.  Crft*#« 

A    nANDBOOK   OF   THE   PRINCIPLES  AND   PRACTICE  OP 

Meilirine  :   for  the  une  of  j^tiidents  and  PrnetitiifDere.     In  oti«  n«ivl  Yolame,  toj«I  I2»*s 
with  illustratioDB.     (/m  Prrs*.) 

^INLA}\SON  {JA^fFS),  Af.P.,  ' 

CLINICAL  DIAGNOSIS;  A  Haii<lhook  for  Smdeiits  and  Prac- 
titioner? nf  Medicine.  In  one  hiiad^ome  )2mo,  volume,  of  541$  p%gM,  witb  65  illiftra- 
tions.     Cloth,  S2  63.     {Lauh  ht*f4.) 

lire  fr..  Ka 

gtren  ■  «• 

In  ■€'>:'  ff 

aud  dl.ig   OS  4 

beeao'e  in  ii-  n 

UDuitaally  c  >  .ty 

«tnerg«licy  lUni  m-iv  i.'»iiii>  ujii>n  thetisnv  i>(«ciiu>ia*r- 
—y\  O.  Mid.  J,jurn.,  Jan.  UU. 


Tfaabook  iaan  excellent  one^cloiir,  ei>D<i|»c,ci>uvft- 
nieiil.  practiettl-  U  l»  rvplet'-  with  I  lie  very  know- 
Ifldge  the  stiMfuf  nfi^N  wlieu  he  quit!*  tlie  Icclnre- 
r»iini  and  ti  y  for  the  wiinl  iind  ••Ick-ivain, 

aud  due'i  <'  I'.irmaiioQ  ibnl  will  meet  (he 

Wftutnoro.  uii  o\dt<T  men.— rhita.  3ltd. 

TliiirA,  Jan.  4,  I'^T:!. 

Tbla  t*  OBCoftbe  r*ally  naefol  book*.    It  (•  attr«o- 


W: 


ATSON  (THOMAS),  M.D.,  ^c. 

LECTURES    ON    THE     PRINCIPLES    AND    PRAm^TrF    np 

PHYSIC.    Delivered  at  King'i  College,  London.     A  new  American,  •». 

vised  undenlargcd  Englisbeditiun.  Edited,  witbiidditions,  and  lerer^r  rv 

tiona,  by  Hksry  ILartsbob.mc,  M.D.,  PrafeMor  of  Ily^ene  in  the  Univervii  j  of  Pc«k- 
sylvanU.     In  two  large  and  hnndsome  8to.  toIs.     Cloth,  $9  00  ;  leather,  $1 1  00. 


■WILUAirS'S  PULMOJtARY  CO.N80MPTION ;  Hi. 
Nature,  Vnrietleii  and  Treatment,  With  an  An- 
alyNlN  of  Ooe  Thouaand  (^a>>e«  to  exemplify  St* 
dni-itiuu.  lo  onc<  oeat  oclaTO  Tolaiae  of  about 
.<IV>  pagea;  ololb,  •3.'iO. 

SI.ADB  ON  UirHT]IE.HIA;  ttt  Kaiare  and  Trent- 
mi'iil.  wilb  »B  4ccot>tit  of  the  Hiistiiry  iif  lie  I'le- 
iTKUorelD  rarlonn  Ci>aotrlB«  Second  und  'oriKed 
edition.  loona  B«al royal  I2mo,Tolame,  clotb, 
•J  W. 


•srALSHE0NTHBDISEASE.<:OFTHKltS*irT  AVP 
OBEaT  VBSS.ELS.    Third  Aiu^rleaa  B<tU><jB.    la 

I  vol.  Srn.,  IJO  pp  ,ot,.lb,  f^  (H). 
SMITH  ON  OONHaiMPTluS  ;  IT&  JUHLT  *VO  Kl« 
I      .\mDIAHLE«TA(ife>      I  t.jI    >r,>     t.f.    if*     ar  •* 
I  POLLER  ON  IH»iK 

I'AKKAi-JES     Ph.- 
I      Symproin**  and  Tr.-.x. ,.      , 

rrtvUed  KiisMxIi  edlllnu.    I« 
I      vutnme  of  at>aoi  iioo  p»f(aa.  i. . 


Hjcnrt  C.  Lka'8  Son  &  Co.'s  Pii»LiOATiowfi — (Practice  of  Medicine).    IT 


B 


KYNOLDS  {J.  RfTMSELL).  M.D., 

Prof,  of  lh»  PrtMotpf'  ■  '■       He*  of  Ilii4rein»  <*  ffnf^.  OotUf*  L'^itttn. 

A  SYSTKM  OF  Mf*^  wtth  ^otRr  ano  A.dditt<>hr  bt  Hrnbv  nARTu- 


''T)ivrr»lty  of  Peiinrw      In  '^r^-  •    'ce  anj 
V  pri»lc<l  (iriiitile-oolu!i  .  with 

'ft.     Price  per  V"p|.,  ill  ''i  .   lo 

P«r  a«l  in  oloUi,  $)»  ;  Kbeep,  )>lHi  half 


nouMR,  M.D.,  iat«  Pf!Mi-  1.  .  .   ,. 

han'Ifuine  octavn  voluiuer. 

nuiueriiUK  illurtrations.      ^ 

«b«ep.  (<1.U0:  b*lf  RumU,  ruiavii  l»utU»,  4C.&U. 

Rnirsia,  $10.50 

I.   (^iiJr.'         -'      ■■■■■■^'  ''•-  -  f^--rnAr,  Dt«KA!iKB  and  Vi' ^•-  V :•■  ^^vtitEii. 

IK  II.    (jf  I    \SKS  or  RKHPIHATOr:: 

IK    in.     (,  t  Dli^CASBS  .Jir    TIIK    I>i  il'HR 

SySTHMS,  of  THM  l!itlilAitk-  OkttAMtt.  or  THC  FSMALB  &Ki«ilA>UUi.'Ti Vlt  i>k«I«N,  •B<l  t>r  TH* 
CUTAKKOOS  SVKTieM. 

Rpyniilils's  SvHTttn  OP  MunioiNi;,  recently  f"inpl«t*<!.  bftf  npquir*>l.  •incf  the  flrFt  i  " 

of  thf  firat  volamr,  th<«  wll-'lefcrrTfH  rfputittinn  of  heing  the  work  In  whlob  ino  i  ii 

p,, .(.>•"-  ;^  ;irc>i<rntril  in  its  fullcKt  urn!  mo^t  prjirtinii]  form.     This  roulJ  'curr.e  be  ■.;; .ii 

fftol  thut  it  is  the  refuM  nf  thu  ('oilphorollon  of  the  leotlint;  niintja  ol  thw  prri|iMM«iti, 

•!  being  Iffnlf'fl  by  ootoe  eonllrmftn  who  V»   retfwrdul  n»  iln  li<;rhc»l  aillbnrilv — si.)-  ftir 

*l,nice,  Dif^iififji  of  th«  IilMilil«r  by  Sir  Hknuv  TIlo^^l•so^,  M!ilpii«itirin»  nf  thr  I'tcrii'  by 
lAiLY  IIkwitt,  Insunityby  HK!>nr  MAirsinr,  C^'ni-mnptioo  by  J.  nti<;nr.H  Bkn^ht,  DIr- 
K>f  the  Spine  by  Cham.km  Ri.\nd  RAnrnfTK,  Peri<i:irilitl/.  by  Fit\s«  is  Sjiiso*  «i  >  '  .; 
"  kr<cH  R.  Amstir,  Rfnul  Aff*otioii»  by  William  RonriiTs,  A?thtnti  by  IIyi 
rft]  Aff^ctiinr  by  II  Cuaultom  Bastiati,  Gout  and  KboutnMlii'tti  by  AL.rRBt>  (■  v 
■on,  Consiiiulhmnl  Sypbilij"  by  JoMATBAW  HuToniKSOJi.  Di*«nsp»  of  ihe  Stotuitoh  b>  \Vii.»o!i 
Fox,  Di»eiicei>  ol  thf  Skin  by  Bai.mamho  Sqimuk,  Affections  of  the  Lnrrnx  by  Mokkll  Mac 
CBMxiB,  Dl»'eu.';f»  of  the  Hrcnim  by  Bn/Ann  Cunn^io     "^^  '  — •  ..  r     ,       .    r,  *■•. 

tinivl  l^isea^es  by  Jon;*  8trii  nnisTOir«,  Onlnleppy  »n'l 
»K«n.  A|M'pU'xy  by  J.  Hi  oiii.infls  Jackso.1,  Anginn  Pr 

renm  of  th«  Luii{;ii  by  ^ir  M'tLUiAX  JeK.MIH,  etc.  tic.  Ali  lh«  Ivitdiu^  .->«hi>ulji  in  Urrnl  ilriiuiu 
hAve  eiinlrlhiirnl  rhxir  bi>«t  men  in  (tenMrouti  rivalrv.  to  builil  iip  thii  nK'niimant  nriueJipitl  *r\- 
eonc.     St   y     "    ■  -       '     "-    'T\  •      ".   "  *     ^    •■  ■-.'■  •,.?,,■     ,    >ffaile 

th«  Edlnbn  'li-nl 

School  lit  N        _  .  I         .1  work 

ronfpivod  in  such  »  "ptri',  »nd  cmrrieW  not   timler  »och   BU»picr'.'<  >b<ii.ild    |>rii»»  nn  indi'prti-'nble 
{r»<»"irT  nf  fi»et«  r»n«l  <»'»f»*fleni'».  ■iiit»<l  to  the  dflllr  wnntu  of  the  pTnorltliiner,  wi<i  inevlinhle,  Ancl 
■      '■'."'       '         •  -  ■  li.iti  which   1 1    '    .  ■ :     ■         '  '  '  s 

>  •  pre  ruiit 

!■  ■_       '-  -    .-:^..  J  -  -,^  ...     -  -  i  .     \  .    "^h   u(  rotivx  ,  -  :    :     1  = 

country  who  {ierirfi  lo  ponHeis  it,  a  <iemiin<i  hn«  nriaen  inr  »n  edition  at  n.  prir-e  which  *hiitl  ren- 
der it  u/x-e-itlble  t<^  til  To  tneet  tbir  'ti-inund  the  present  edittfin  hni«  been  undertukea.  The 
fi  ;.:io»nuiv.'    '  lantltr  type  •in-l  double 

-  itforer  il  ,'*«,  (il*»rly  itnd  bnnd- 

.-■;..  ..,  , . •  .'--.i  ...  _  ^.,.  V  ;..... .i  rcnderii  itohv  ..  ^i.,   j  ..it  worki  tvtr  (>ro«»nted 

to  the  American  profession. 

But  not  only  i^  the  A nierictua  edition  luor*  convenieot  and  lower  priced  thnn  the  Fngli»h: 
it   u  nldo  better    nnd   more  oomplete.     Some  ycnr«>  has-  I   »lnre  the  '■  of  u 

portion   of  the  work,  nddilionp  nte  required  to  bring  iij  ^' Lit  to  the  <  .  iiliuo 

of  ^fieitee.    Some  di^e!t.<>eii.  al^o,  which  are  ooni}>ar*tivel>  >, |....<4(it  in  iinRj,ii   ..  i  "i-""' mora 

elaborate  treatment  lo  .vlapl  the  iirlicleR  devoted  tu  thecn  lo  the  wiintii  of  the  Amerinan  phyni. 
ciun  ;  and  there  .ire  point'«  on  which  the  reo-iTed  prActioe  in  thix  country  iflffcrii  front  that 
idopled  nbroad.     The  supplying  of  the^e  deflciencies  hut  been  iiodertti  li  ■  ^       Mir  IIaiitv- 

lORNK,  M.D.,li\te  Prorr88or  of  Hyjfiene  in  the  University  of  Pennsylvjiti  i  •  mieiivored 

to  render  the  work  fully  up  to  the  day,  nnd  n'  ■■  -'-i  <    •>--   » :  ■  >n  ph>  -.  .  , it  hut  proved 

to  be  tn  bill  Etii;li«ih  brethren.     The  nninber  been  largely  incre:i«ed,  nnd 

DO  effort  spared  to  render  the  lypographiorti  t-v  >ble  in  every  renpeol. 

RfiiMir  100  tiii^eh  prMt««  ran  cearrely  li«i  glvau  lu  i  <gbjei't»  wUh  wljicU  b«  •Loatd  b*  6iBilll»t.— <9atf* 
lliia    O'lblfi   book.     It   U   «.    cYiiIavapillit   i>r  taviilc\nii\  InrJ't  M'd.  Jiiurn  .TMi.XSiO. 
.r  ii...  i....t   .,.,...  ..r  i.'.,,.,t<..      It   u  ' 

'  I  Work  which  we  h«T«  la  Itbiaa 

<  'vnd  ttilly  eonfinlted  wtiea  p«r< 

I  I  irtt.ii  iii.'Lii.  nr  iv  huTtiiic   iin> 


•  ad  vunrentrtivd  id  flyie,  aad  )(<•  (Hrin  I*  w><ri< 
at  It*  (WmoiiH  pnblliber.  —  £«t((iroiJ/«  Mrd.  Arv 
Jan.  .11,  IS«0. 

"Reynold*'  SvRtem   of  Medtrlae"   li  Ja>tly  eon- 

iilrl«<rn<l  (ii«  lu'oi  L>i>r>alar  wtiric  on  the  prtneiple*  naA 

I  <^  la  Ilia  B4i$ll«J>  l>iii««l«g«      Tli» 

4   work   ire  K«nllenieD    uf    well- 

V  .  .  .>a    tiotli    -1.1 (  111'    All.  iitl.- 

KAOh   <>.<U!lr>n>»U    li(i««irl'' 

work  »»  praelienl   nt  p<. . 
.con4«iBa<l  l«Knab  ••  U  u- 

titar.  — fit.  LimU  J/ed.  and  ltHri/.Jin*m.,Jmit.  > 

Dr.  Harlahorne  hmi  rnnde  ample  «dilllloQ»  in  : 

»*l*l»o»,  all  lit  which  give  tacreaaed  taIii^  tn  rL*  aii 

i<1nrua,  aad   r«oder  It  aiort  a<eral  )•>  III*  Auterl-  )<.• ' 

ir.ir>ii'.,iaer.     There    U   ao  Tolauie   In   EagllKb  pr 

r»tflre   mora  Tslaable,  nnd  arery  pnr-  n,ti 

iQ  iMwoiutDg  familiar  wlib  II,  eiia(|rkl-  d> 

ifo'i  the  p<»B*»»«lf>p  rtf  tbi*  »»••  •<■•'•■  wti.... 

owtm  of  taforiaatioa,  tn  rag«rd  lo  ao  UAoy  of  Ihaj  Jaa.  I^imI, 


nrill    kuL.wu    I 

AllKOtlc   «>   Irj 

upeiitc    Witt)    » 

wbleli  0>«7  li»k'«  wnliwii.  i*  (•■> 

i»T"".     Tliay  b«TR  «»ia«nlly  «lti 

Mk-KV"  ,1-  iir.u-l  i.mI  jl.  l.,l^nll,lr•     ,. 


18       Henry  G.  Lea'b  Son  &.  Oo.'s  PuBLioATioKa->rAVrv.  Din ,  <!§o.)« 


DARTHOLOW  {HOBRRTS),  A  M.,  M.D..  LL.D. 

X*  Prof  of  Mnttria  M»ittcn  nmd  fh'tvfral  TK'rrap*nIiea  <n  thr  Jff  Mud.  OoU  t^f  Phila 

A  PRACTICAL  TREATISE  OX  ELECTRICITV  IN   ITS 

CATION   TO    MEDICINE.       In  one  rery  handaome  8to.  rolame  of  about 
wUh  98  illustrntions.     Cloth,  $2  50.      {Jmt  rtady.) 

So  r«r  at  we  l<n<iw,  tVi«  Deed  nf  *  clear,  »linplp,  I  pritetlhcner*.  From  !lij«  »f  i.  '^  ■ 
nnlaehnirttl.  rrliitbl«,  eirnrl>«,  and  niorltra  lrpali*e 
UpnD  Ihe  •uhjfct  of  rundtcnl  BlPrlrleHy  U  only  sop- 
|ii|«d  )>.v  ())«  Toliirac  DDripr  pon-td'Tiitlon.  It  1»  doI 
loo  mucb  lo  say  (liat.  If  HTalled  if.  U  will  render 
aec#iiAitil4*  10  a  Tai<l  nnuibcr  nf  iiicmbHrs  nf  tbe  pro- 
fAi)«iL>n  a  ihttrnpruiic  ticrnr  nf  lbi>  i;reiilr'*t  ralar,  bat 
wiilch  ha*  b*r*torr>r«  hva  pmriltnlly  of  a<\  u** 
whatever  U>  thein.— Jf(iry/«n</  Jf«<i.  Juurnnl,  Jao* 
1.  18«1 

W«  KaT«  D0>  yet  eoin«t  »«roiiB  a  bnok  thai  e»DCom- 
|>lir«  wHb  this  ID  cl««rDcii«  nai  •l(n(*llclfy  i->l  »l»l« 
ncnt.  We  bar*  for  a  lutig  »lnio  hi'«'<1«h1  a  l<»x'-ljook 
OD  nmdiral  nl«ctrlcity.  couilfDii*!)  aod  yi>l  coniple'», 
and  tlilo  wuai  ha*  b?«n  vrrll  »iippllrd  by  rlip  ilUlIn 
guliibcd  aoihor  Th«  lllusirntiant  ar«  eUgNui  und 
th«  book  la  a  whole  I*  a  ValOHble  xddliloD  lu  Ihe 
coiUctioo  of  aay  i>tod«Dt  or  i^T»r>\U'ya«T.—  S^ffnio 
Jfed.  onrf  Svrff.  Ji^urual,  laav,  1881. 

Aa  A  irhot«i,  rhe  bonk  mimi  hr  lonknd  tipoB  ••  an 
•Tfoaitlon  f(  elcctiially  fi>r  r<>iii<>dli<l  piirpo^ea.  wrll- 
t«a  by  a  medical  practitioDer  for  Ihe  uta  uf  luedleal 


worthy  of  thnearFfnl  *tiidy  ■■ 
*nftllgai«  lbl»  aatijrcl  fMr}>ni- 
Thit  work  Bi»»l»  a  wuai  of  vc 
Diftdlcal  pr«rltilobor«      Wo   i 
Kladly   w#lc'ir<ipd    l-y  th«(n 
Iou»  »xp«rleoe#  B»  a  pr«i-tlH<>o-  r. 
in  p*rf>>rm   lh«  tank  uf  wrtMag  a  f 
(or  (III*  •{>«<:tal  claoaof  in«il. — Ihtr 
tS81. 

Thia  book  I*  axfireHlr*  of  fi»r«riil  iwar 
Dice  dlnrrlmlnatlun  Id  <^-  -"!--■ '-•-  -■' 
from  thai  Ml  ihAaathor- 
fi>r  Hjo  ^'olilauoK  aiiii   i 
who««  lolorv*!  I';  >•'■■■■ 
practical  Uwarinv 
Ih'irough,  ll  I*  IK 
all  Ir  0K<rntlally  •■!■  ,.  .  .ir-.  i 
add  r«Dd*ra  «a»jr  of  »cr«i«»  lo  i 
I  ho  miifl'm  "p"-aHtti  of  *m\ 
abl*  |biirap«alla  agaal, — .V.  1.  Ji<-ii'.'>< 
U.  1881. 
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lif ITCH  ELL  [S.  WEIR).  M.D.. 

lp:ctitrks  on  diseases  of  the   nehvous   system, 

E8PKGIALLT  IN  WOMEN.     In  one  very  handfi<>tii<<  13mo   roloin*  ofuboul  230  |<afM, 

with  five  IUbo)!raphic  plates.  Cloth.  SI  76  {.lutt  limd^  ) 
The  life-long  lirvotion  of  the  author  to  the  aubjroiB  dtBouswed  in  this  volume  hia  rendered  11 
eminently  c'esiruble  thnt  the  recult*  of  hi«  Inbora  should  be  eiobudipd  for  the  henefi'  of  ibo** 
whci  may  experience  the  difficultiea  oonneoled  with  the  treatment  of  this  cIaas  uf  dl«eaa*. 
Mnny  of  thene  lecturea  are  freish  atadiea  of  fayRterionl  Affections;  othera  treat  ol  the  modifltia. 
tion8  bi.<t  TiewK  have  nndvrf^one  in  regard  tu  oerlain  forms  of  treattnenl,  whilisi,  thruajfhoal  Ikt 
whole  work,  be  has  been  careful  tu  keep  in  view  the  prkolioiil  teMoas  of  hi*  OA^•a. 

It  l«  a  record  of  a  nttmbi-r  „(  T«ry  remarkaMe  ordinarily  rich  lo  acste  ob*er»ail>"n  --■'  -  --i  U- 
Oaveij,  with  acute  analyrCx  nnd  dIaeaoMloQK,  cllatcal, 
pliyninli  glral.  and  iherapi>at»cal  It  U  a  bunk  lo 
Whirh  rlis  |)fay>lclaii  m«<>llu((  wl  b  a  new  by»lerical 
experleoce,  or  io  duubt  wb«lh«r  bin  Dew  pxperlenre 
la  hy«(f<rli-il,  may  well  turn  with  a  wall-groeoded 
hup«  of  BodlDg  a  pMralleltMDa;  It  will  be  a  new  «x- 
perlrDce,  indv«d.  If  oo  ^Irollnr  on»  \»  hert  recorded 
■—Phila.  Mini.  Tiinrg,  June  4,  IRSl. 

Tbi)  Dnm«  of  (he  anthor  I*  kulBclent  f(nar*iitee  that 
tboHc  t<>]iU-ii  are  ably  kdiI  appteeiallTrly  d)iii-ua>«d  ; 
■nfflce  1 1  ttiKiy  I  h'lt  ibe  prlDcipl^ttDf  treat  men',  bulh 
hy^loalo  aod  (herapaatir,  ar«  clearly  lodtcwied. 
Thi*arlklfl«  b«lD<  la  tha  form  of  ciiolral  li^toren, 
abouLd  lit  )llu«(rMtira  caim,  and  are  much  «a-ler 
readlnif  IbnD  a  i>yiiletnftllc  (reailke  oa  the  aanie 
toplta. — fUillegtani  OUniriit  R-cord,  May  IS,  18*1. 

It  U  needle**  to  aay  that  (lie«e  leomrei  are  oxtra- 


Biruetiitn.     Tbe  lepuiatlon  of  the  . 
aolea  of  (liat.  aed  do  r«a>  er  will 
Nor  can  too  miicli  b*  caul  la  priil»r 
Biylfl  of  bl*  medical  wrltiei;*,  and  • 
lur«a   reud*  wllb  tbe  flul>b*>l  ar-< 
■aaay.    lodiivd,  the  book  thrii'i .-' 
a  ooa  lb«(  ti  iHiald  ant  fail  lo  I 
ODe  whu  brgloa  iti  pa^sa.  -J 
Brfnirttr,  May  7,  IttSj. 

Tbabook  ibroiiRhoai  la  not  ualy  (•leaMly  rst««« 
latulua.  but  It  ciitilsliis  a  laia-  ..  r....n..j  ..f  ,.,.  »*4 
Valuable  iDformaiton.      Dr    y  '  i*l 

eol  onl  y  lb  a  reonl'*  of  bU  ni"  -  «*. 

bat  ha*  added  lu  lb*  k «"«'>''•> 
ed  by  bU  nrlRloal  lavr- 
Tbe  book  I*  oae  we  tau 
era  — ifaryiaaJ  Jfad.  J-.-... ,. 
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JJAMILTOS  [ALLAN  Mr  LANE).  M.D., 

*•*  AtttnilOiff  Pkyfictfi**  at  tht  H^itpitnf/fir  RpittpUrr'  nnit  Paralyliei.  BlarinptU't  M^tttd.  t.  f-, 

ait<f  fif  the  OxU-  futimlK'  DrtpnHmrnt  o/  ll^t  }f«w  York  Honpitnl 

NERYOUSDISKASES; Til  EI R  DESCRIPTION  A XDTRE ATM KNT. 

Seoond  edition,  thoroughly  revtoi-ti  and  rewritten.      Tn  one  handioma  i>otaTo  Tolsna  aj 
abuatDOO  pages,  with  7i  iU'uatrationa.     Cloib,  f4.     {Ju4t  Rtttd^.) 

EXTRACT  FROM  TRK  PRSrAOB  TO  TBK  BaCOMD  ■riTIOir. 

In  preventing  n  new  editi<n  of  my  book.  I  wi«h  to  exprenti  to  the  profeMinn  my  baarty  ajftre 
cintion  of  tbe  favoraUle  reception  a^-oorded  to  the  first,  which  has  been  out  of  print  for  •e^oral 
months-  I  thank  my  iiupariini  reviewers,  and  tnke  pleasure  in  aavinf;  ihit.  wberrrar  ^wifcle. 
I  have  endeavored  to  ndttpt  their  sti^gextions.  nnd.  I  (mat,  have  succeeded  in  rcnadyinf  tke 
fsulti:,  mnny  of  which  nre  unavoidable  in  a  flrat  eiiitiun 

The  present  edition  is  enlarged  by  nearly  one  hundred  pi^es,  and  onntaina  nany  nvw  illas- 
tratioDS  i  in  fnct,  this  feature  has  nndergune  nlmo»t  an  entire  ohaiiKe.  The  •nlBrr*i)>>"t  is  a 
natter  of  necessity,  owin^  lo  recent  advnnoes  in   our  knowled^^tt  of  nenro'  .      | 

have  used  certain  portions  of  my  e»«ay  wbir-h  received  the  priiie  of  the  Am.-  >  -«a 

ciation.  in  ls7tl,  in  Ihe  preparntton  of  n  chnpl^r  upun  disea.«e»  of  the  later;! <  •  ««w 

nal  cord.  Otiier  ohnpiors  hnva  been  rem>>delled,  and  I  ho|M*  improvad,  ««pei.<k<iily  iti  rrnarU  U 
the  inlraducliou  of  mutter  reliktivo  to  locjilizaiioa  uf  diseuie  uf  the  b.aiu  aa4  sptaul  fluid. 


MORRIS  {MALCOLM).  M,D., 

SKIN  DISEASES,  Indndina;  their  Dofinilioiis,  Symptome.  PinEcnoRig, 
ProKDWti,  Morbid  Anatnniy  »nd  Treatment.  A  MananI  for  Student*  nnd  PrnflttMonir*. 
In  on«  ISmo.  Tolnmeof  overSOO  pngea.    With  tllaittrationi,    Ctoch.  $1  76.    {Jitti  J»»h^  ) 

To  ph7*lrliiBi  who  wtmld  llk«  to  know  somvihlDR  !  irhni*  raogrs  of  me<1le»l  lUoraiarp  of  »  like  ■ci>|>«, 
■hoot  •kla  di«ea»«>,  •<>  (bat  vheo  t  |Mitlaat  proseDl*  |  lb«r«<  li  no  hook  whl«<li  Tur  <>l*«rn»i«»  of  sipra*»l>-u. 
b1ni>«lf  for  reli»r  lh«7  can  tnak*  a  enrreet  dla^Doala    kuit    n)«itia<dlea1   arraoKtiinaiit   |i   b«tiar  a<<apl>cl  lu 

I  404  pr»Krrlt>«arat)naal  ttea'iDnot,  w«  aQb«»HatlDcl]r  I  proiDota   a   qattnaal   enac«>|>tloD   of  <1«rmKtn].t(]r,    « 
fC'iDimnad  tbi*  little  book  of  Or.  M<irrl»     Th^affec- |  Draaeli  ooafeaaadlj  «lllleoll   and  |wrp'<«siii{$   lu  <h« 

'  Koao  of  (be  ^kln  art*  dricrlbed  in  a  terse,  Ineld  mao-     beirianer.— df.   Louis  OamrUir  <t/  Mtdlcinm,  April, 
»er.  and  thntr  aereral  charaeterimlci  an  plaloly  ■«!     IflM. 

forth  ibat  d«ag«o,U  will  he  e»-r  The  treofheDt  The  aiitbor'ala>k  haa  bean  well  Jone  aaj  b*-  pro- 
Id  e.cll  «*.o  (■  .ach  a*  lh«  exparlaoc.  of  '»'»  mo'l  i  dnced  ou«  of  (he  beei  recent  w.irki  np»u  ih"  iifflrnlt 
•  mliieot  drrtii»tolr.,Ut«  adrtae— <Ni»cini»a«  M>di-  |  object  of  which  (ll-eal.;  ih..rel.  no  w  .1 

eal  f„-fiu>,  April.  ISoO.  |  w|,<eli  ,!'•«  »  heller  ^Irw  of  lb-  •!•  . 

Tol*  I*  empbailvallj  a  learoer'a  book  ;  for  waeao    and  t>rlncl])l«»«  i>f  derraaloliigf.— Vrir  "  ii- 

aafaly  eajr,  eu  far  a*  our  Jadfment  g<>«a,  thai  la  lh«  '  vol  and  Burg  teal  Joitrmat,  April,  1860. 

VDE  (J.   NEVIXS^,   ^f.Ih. 

^n/<fMtf>r  of  D«rmat/ilop]/  nn't  On^rwi/  D'ii*iut»  in  Rm»4  Iffttrtl  nnlUffn,  CHltiaffo. 

A  PRACTICAL  TREATISE  ON  DTSEA8RS  OF  THE  SKIN.     For 

tbe  Uee  of  Studenta  and  Praclitinnerg       In  one   bnndgotoe  octavo  Tolatne  of  nboat  AOO 
pagea,  with  nuuerout  ilLualrutluni.     {Prrparing.) 


II 


i 


^. 


pox  (  TILBURF),  M.D.,  F.R.CP..  and  T.  C.  FOX.  B.A.,  M.R.C.S., 
EPITOME  OP  SKIN  DISEASES.     WITH  FORMULAE.     For  Std- 

DmrR  Ann  PRAerTiTinxKita     Second  »dition,thoroa|;hly  rrvined  nod  groAUjoDUrgod.  In 
one  Tory  handtome  Hmo.  Totnmw  of  <U  page*.     Oloth,  $1  38. 

IpLINT  {A  [ISTIN),  M  D., 

^  Pr'tfuMKor  of  the  Prinnipit*  and  PracHct  of  Medicint  in  BtlUvut  HnipUifl  Jfeil .  OotUg*.  K.  T. 

A  MANU.AL  OF  PRIICUSSION  AND  AUSCULTATION;  of  the 

Pbyaieal  Diagnoei*  of  Dieea*ee  of  the  Lange  and  Heart,  and  nf  ThnrBCiii<  Aneurism. 

Boaond  edition.  In  nn«  handanino  royal  ISmo.  Tolnma  ;  cloth,  SI  A3.  {Jiut  Kfadu.) 
Tha  lillla  wurk  before  a»  ha*  already  berume  a  I  aatbnr  baa  fir  in<ny  year*  AlTen.ln  eoonecMon  wlih 
BlaadNrd  one,  aod  ha«  become  exienalrely  adopted  I  praeitral  tnetrnetlon  In  aii»rnliaiion  aod  (lerrnolMa, 
«  ti>Xl-1)i<ok.  Th'-re  U  eertalnly  Di>n*  belief.  t|  |  to  private  elaa»«ii  «ninti«*eil  if  >n«<ll<-al  •ln<lenl>H«d 
aialDi   the  itabalaDea   of   Ihe   le>aoDa   which    lb*  |  praetUionari.  — C(<tcfniuift  Jfeif,  A'tiM,  Feb.  IS80. 


I 
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D7   THS  SAMS  AUTHOR. 

PHTHISIS:  ITS  MORRID  ANATOMY,  ETIOLOGY,  SYMPTOM^ 
ATIC  EVENTS  AND  COMPLICATIONS.  FATALITY  AND  PB00N0S18.  TRRAT- 
MBNT  AND  PHYSICAL  DIAGNOSIS;  in  a  aerie*  of  Clinical  Studivt.  Bv  Acaria 
Flint.  M  D  ,  Prr>f.  of  the  PriueipleB  and  Practire  of  Medicine  in  Ballevue  Hotpital  Med. 
Cnllrge,  New  York.     In  ooe  bandaome  oetaao  Tolone  :  $3  60. 

jyf  THR  HaME  AUTHOR. 

A  PRACTICAL  TREATISE  ON  THE  DIAGNOSIS,  PATHOLOGY, 
AND  TREATMENT  OP  DISEASES  OP  THE  HEART  Second  reriaed  and  enlarged 
•ditioD.     In  one  oeturo  volame  of  550  pagea,  irUb  a  plate,  oloth,  f  4. 

•Dt  THV  SaMK  AVTHOR. 

A    PRACTICAL  TREATISE    OX  THE  PHYSICAL  EXPLORA- 
TION OF  THE  CHEST  AND  THE  DUOXOSIS  OF  DISEASES  AFFECTING  THE 
[            RESPIRATORY  GROANS.  Second  and  reviMd edition.  In  one  haodsomaootavo  Tulama 
of  50&  page*,  cloth.  t4  50.      


I 


jyRO  WN  (LKSSOX).  F.RC.S.  Kd., 

jA-f  Stntnr  8uro»nn  lo  f A«  (ttntml  f^ndnn  JHtmnt  f^nd  Bar  Btaptiat,  «te. 


s 


THE  THROAT  AND  ITS  DISEASES.     Setmul  Ainnricnn.  from  the 

Second  English  Kdilinn,  tlioronghlj  reriard.  With  one  hundred  Typical  Illoptrotinna  in 
Oolors.  and  Bfty  wood  en^rnvin^f,  draigned  and  executed  by  the  aotbor.  lo  one  verj 
handkome  imperial  ootaro  volume  of  over  .t&O  page*.      (^PrtpariHg.) 

KILEn  (CAUL),  M.n., 

L*cfMr#r  •'»  Larynff;*oopf/  at  tht  (7nf«   0/  Ptnna.,  Okt^f  0/ th4  Tkraat  DUp€mtary  at  l^a 
Univ.  H"»pU'it.  PhUa.ttt. 

HANDMOOK  OF  DIAGNOSIS  AND  TREATMENT  OF  DISEASES  OF 

L  TUB   THROAT   AND   NA8\L  CAVITIES.      In  one  handaome  royal  ISmo.  voium*, 

■  of  15't  paget,  with  35  illuatrationri  cloth,  %\.     (Lmttig  htnrd.) 

CtlWIOAl.    OBSRRVAT10W8  OH   FfTNCTIOBAL  1  MILLtBR'8  HAIIDBOOK  OF  BKIJT   niRBASKS.  for 
If  ERTOrfl  DISORDBRS    BvC.  H*at>riat.i>JoirM         Htadeatt  aod   ^ra<^i1(l0D«ri      M«^ond  Am    Ed      Ta 
M  D  .  ^byxleUD  in  St.  Nary*  Roaplial,  *c    tiae         ooa  royal  ISiao.  vol.  of  S£8  pp.  Wlthttlatlralloai. 
OB>l  Amerlcap  Edltloo.    lo  (lO*  baodaoioe  ociatt        Clotk.,  M  <U. 
eelaoicaf  34gpa«a*,ctalti,kJ2A.  I 


20    Henry  C.  Lka'«  Son  k  Co.'a  Public ati o!ff 9 — (  Venertal  Ditien^es^J:^,). 


SVrHILIS.  ITS  MURinn  yVNATOMV.  DIAOXOSTS  AND  TRI^AT- 

MKNT.     Speciiilly  rrviKeii  by  (!-■        .  i.   -    -  -  i   •-   -  -i    .    j    -  ..        .    .         .      ....     .  .  j 

JUmry  C.  iFiMi:'!.  M  D  ,  I)vin><<  -..i 

ljurg.  Id  Ibe  K|ii<'c<i|ml  IIn.-p.,  I'li  •  , 

uDiJ  beiuuiigtrutur  of  8urK>  in  tU«  Uuiv.  uf  i'4.,  »t<tl  {yufj;.  i4i  tlir  I  'I- 

SOine  nolJtvo  ruliiine  itf  nhnul  4.S0  prifr**,  irith  Mt  very  litmtltl'iil  tl  •  •  ) 

In  the  pri-itnrntion     '  i'  '        I-iiflB  it  Im*  li         •''■-■     ■ 
toMS  (ni'l  'iiiurBe  of  i  »f»<iy  uf  > 

il8  ©voliiiion,  ftfuf  5n   i  >  furninh  ;i'i  i 

trentuent  d1'  tbe  Ji«euac.      In  itvuilin);  liirii»«Jl  ol  lim  uiic<|unll«ii  ufi|)<M  <i> 

tion  of  tbeiie  inr««li^ni;c.>n(,  h(v  I)A9  ot  tbe  same  time   in»d»  such  fr^*'  '^9 

ItiV'-         ''    ■'  '  '       -u  DoinbiutHl  (hir  bijtiolufrietil  jind  ?riBi'*'*'D«tic  pi<Tni'iii»-  ni  inr  lu.n  i<l^, 

t}i '  rk  lit  0De«  »oi«ntiHo  nnd  practical,  und  wbieh  \»  witbout  exfeot  parsJJtl 

in  I:  ■     _  ,     I'l*. 

In  viilinf;  ihu  work  the  IranHntors  bnve  abided  the  nio.it  rereni  Tiew«  n.nd  diieoTcriet  on  th« 
Bubj«ot,  Bud  in  order  to  adii[it  it  nifist  thor«iU)(hl.v  \n  tht*  i)ei»d*  nf  th*'  f*n"m4  fvrnfltUinner.  th»y 
have  more  fullj  rsplained  un<l  tlliti^lrAtpi]  the  c  i         '  •  ut 

of  the  dijteiLM.     In  its  iirriK-rii  eonJilii'ii,  it  l»  bi '  'n- 

derlie  the  luany  nn<l  Vf»Mi><l  l<jrDi9  in  which  ?yiiiii  '  i'- 

toms,  MS  to  greatly  fitcilitAla.  not  nnljr  lh«  r«oi)|;iiiiioii  nud  rniionai  enmpr«beRc)<ir>  of  tto«  Inttrr, 
but  also  their  fubse^uent  trrataienl,  and  tb*t  it  tb«relore  o»nnot  fail  to  prove  nooepiable  Ui  the 
mcdicol  profesuion.  ^___ 

nVMSTEAD  {FRRRMAS  J.),  U.D.,LL,D,, 

^■^         halt.  Prtifi^mor  of  Vftf-rn/tl  DiJ^mni*  «tlhe  Ool.  vf  Phpn  and  Hurg. ,  !f<n»  Tnrk,  ite. 

THE  PATHOLOGY  AND  TREATMENT  OF  VENEREAL  DIS- 
EASES, locluding*  the  results  of  reoentinvrstigKiions  upon  th<^dubjNt.  F"  u, 
reyised  and  lnrg»ly  rewrittpn  with  tbn  co-nperation  of  R.  \V.  Taylor,  M  • ''9 
York,  Pj-of.  of  Dermatology  in  the  Ifniv.  of  Vt.  [n  one  large  and  honJ^.tu*  ^i»ru«o 
ToluineofSSd  fagen,  with  I3Biftiietr»tiotis.  Cloth,  >4  75;  lettber,  $5  76  ;  balfRoMit, 
fd  25.      iJint  liivttl.) 

We  hare  lo  oonijrsinUle   onr  oauatrymsa   upuo    will  more  thua  reiHiy  him  fer  tbe  oa(i»j'.-—iircU*«« 
the  truly  TKliuthlx  nJJitioa  whirh  they  ljik»o  wikde    nf  M'ltMni,  April.  I'.<ii\ 


to  Americto  Ilt»r»nir8  Tim  C4r«'fnl  (•iiliUHli-  nf  fli* 
▼altroof  tbe  vmIuiu?,  wbleti  w«  hAT«  taado,  (it«llfl«« 
a*  In  <torlnrlQK  IbHl  ilil*  l«  111*  bdlll  Ireetltn  nu 
fttit>'  K  Id  tbo  EnitliKh  Uatniiirt>,  ami  we 

ta\n\  I  '  rd  It  ■  Italter  In  hot  orhar  tnnif"'* 

wet'  .     11;   il.iir.i   III-'   c    ri  liiiiv  till  !■  ■  ■!<'  In 

whW'l.    III...  -.(.111..',  I,      _     ,    , 

Ba4  fctrch  ■■  ex.  - 
any  topic,  *ail  m. 
tbetr<<«tm<>tt(  of  ili-r  rul'U- 


Thl»  Dww  < 
to   \\*  lu   \\f 

fnni^riull  v  i 

ytAxx  >•: 
lh«l  wi 

l.ouin  r,inri 
Wetlbdll' 
—  tbnt ihe  ■ 


.••I 


tfi^llee.. — St. 


Tenareikl   dUfai*.     W«  uke  pl«-ii«Qr«  In   repowUt*    iT    ,    ,  i 
Ibat  we  be-lioTe  this  lo  l>e  I  he  l..-(   tr.i.«|,«,oo  vtut-  |  '"**  '*/'»" 


real  dl»««t>e  Id  the  Kngli»b  >  -.iil  we  chb- 

gralalntA  ilia  HalUnri.  np.iti  ji  adiJllkxi 

to  AiD^rlcan  rueillcalllleTiitui-  ,  .  JArd  /our- 

nal  and  Examtntr.  Febranry,  liM. 

It  <•,  wtihoDt  excflptton,  the  raa«t  Talnible  *lDc1e 
work  oL  «ll  brMDrhe«';>f  tbe  ■..>  K''--'     f  ->  i->   "  "-"'^ 
In  Koy  JHaguBiie.     The  pat Im 
U,  ai  ibe  -nine  time,  lu  the  I. 

and  the  hialc  thiti  lje  wit!   K*^'   •' "   '■'    ■•-■.■•■"- 

a^emeut  utsuy  one  c«»u,  at  aU/>ba<ar»  orobailvaie. 


in.iJvtt  annixiiir.' 
the  text.     Afier  » 

I-  '       '        '      <ri>     ll*V.-     .ipai    ,  ii,.-.|      ij   ,1      .i.-.-u      II 

<  ml    rou'CleDllnaalx    perforBKKl.i^. 
/    SW  .  .JuB    IJ^i5ft. 

It  la  on*'.    ' 
Jlii«it*,>ji  irli  I 

nally  to  b"  I.  i 

itf  iiy  pfalUa.— J<uu  Jijn.  I'ritctiUUtu*r^  ^^^tM,^\^iU. 


-'y 


/nr«o.s\s'  {SAMUEL  w.).  a.m.,  m.d,, 

V-*  Cvcturtr  u»  OvHtto-Urlnfiry  mud  K»»**r«'»J  Dl*vtji*t  in  th*  Jtftrtnn  HtMenl  OtAUQ*,  Philt. 

A    PRACTICAL    TIIKATISE    ON    IMPOTENOR,    STFUTITTV, 

AND  ALLIED  DISORDBUS  OF  THE  MALE  SEXUAL  ORGANS.     In  .<J. 

(ome  octavo  volume  of  174  pagos,  with  lA  illu8irat)«n«.    Olnlb,  $1  Ml.     (./ 

The  auttiur  Ua*  davijii'd  oactk  time  to  the  bnf.l**! 
•Iildy  of  this  mOnl  Irytag  rlni«  of  dt'on^e*.,  un't  (tiU 
lalitff,  lot^rtbftr  Willi  llie  rrnil  of  Ubnrlnn'i  rstearrh 
lolu  the  acatlrired  Itleraturn  of  Ihn  *abje«t.  conail- 
tate*  the  rt>«iili  of  bi«  Idvu<l'.$.i11mu«,  Wo  c»u  enr- 
ne»tly  coniineod  It  t<»  liio  practiliuner  »•  tli*  very 
beat  work  upua  tbe  eulij<*<3l  In  (b«  Ka;illi>h  langd  .ge. 
— ^mihvtllt  Joura.  »f  Kii.  nivi  Snrg.,  Oct    IsBl. 

The  anlhor  l«  a  clear  and  conclae  writer,  and  every 


T>ai(e  of  ttili  trn^tla*  i{1 . 
ffkUMllarUv  wUli  ti'cen; 

ji.nri  «>  i:...r T. 

tillr 
jecti- 

bifl'  ' , ■> 

li»   frt.i|ueuliy   rafxrre^    X<iJ—iU, 
Mtd.,  Kuv.  IS&l. 


<tb 


flULLERIER  (A.),  and 

^        Surgtim  to  (Ae  H6p  »fi  V  4it  Midi. 


\PREF.MA1V  J), 


Sf'ol 


AN  ATLAS  OF  VENEREAL  DISEASES.    ) 

FrkemanJ.  BcMKriiAn.  In  one  Inrge  iiD|)erial  4to.  voluiu' 

with  2(^  pluteH,  contoining  about  160  figarei,  beautifully  eolii  I  '.  : ..^     ... 

life;  jirnncly  bound  in  cloth,  (17  AO  :  nlno,  tn  Bve  parti,  afmii  wrnpperK.  m|  $3  p«r  pert. 
A  ipecimen  of  tbe  p\a\ev  aikd  UxV  teTkV^Tte  by  mitil,  un  receipt  of  25  eeota. 
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s 


MITH  {J.  LEWIS),  M.D., 

CUnicfii  Prufeaitor  f</ DUrag'*  u/ OtUldrrn.  in  the  Bellnmr  S'upttal  Mtti    Culttfft,  If  T. 

A  COiMPLKTE  PH  AOTICAL  TREATJSK  ON  THE  DISEASES  OF 

CmLDREN.     F  Mb,  tboroiifrtitj;  rttviaed  jtnt)  reftrilten.     In  one  htindfniD^  no* 

Uvn  volume  of  nUb  ill  un  rat  ion*      Cloib,  (4  50^  leather,  |d  5l)j  very  h»«<l« 

'   ■    -  '  ii'"  Ruisi".  I  M.-t-i  ijKiidi,  Srt.     {Just  limdii) 
r  »  Afdi  ndlllua  Mf  IhUVufk  N 


«tt9cl'  n 

JBurs  iif 

•t  wurk  oi 

9rk  w 

lltioa    Ha*    been 
■iMrht  tip  In  Ahttt  HD  aiiitLii«« 


I  Afdi  ndlllua  vX  lhl»« 

r  •!•    Rro.i'    vx'n*    t"    111 


Tlir  liitpr'>v»'mAOt»  ttnt  h«v«  b#es  ]uld4d  tirlpg 


»l>t«h  will 


,1      Tlint  Ibe 
rpvtit«i    nad 


4j  wlllktiUuiJaoOr  dl<vl'>'>v.— Can(fti<(iN/u«r 
/  q''  JV.ci  Seimct.  Fob.  lii->2. 


•   Vi*kd   io   diHcripttoa  u< 
au>l»,  KDd  «twi  tl   lr««tiiii 

(<■»<(  £4Nc«l,  D«e.  ISHI. 


r  In   <ling< 

rill  (irtiTa 
■il.l  —  ZKi- 


J^KATISO  (JO fry  M.).  M,P., 

THE  MOTHEPv'S  GUIDE  IN  THE  .MANAGEMENT  AND  FEED- 

ISii  OF  INFANTS.     In  one  handnora*  12mo   Tot.  of  118  png««.     Cloth,  |1  00.     {Now 
Rwtly.) 

Ti...  .i> '  M.i.  1,111..  i„i..i/ I.  .....u  ..1 „   I  f'r.   I  utraciiDT  "•  M"  " „>..-:,..  h-,..  .«_.! ,. 

K  i.     .iQxttlj'  • 

1'  '  -    I  IrB    A   y: 

li.'-    - ..  

taioiJi,  itia  likO((iittK6  ti  I 
C^rtfulU  witlla*  liiat  ti  ' 

lAl>.     U  ii«»  <il«r»)r>  boru  <>.  ti <t  .^.i       .i  ...^.i    .ur. 

It  la  well  t\<  Icititiol  iha  iinbiit. 
one  will  atd  tlitt  pbrsiciiiQ  Iiihi 
the  tliQu  h«  i»  c>>ti9UiiUy  givtui^  "•' 


lea  tbl» 

t  •a.va* 

i  uia  In  lh> 


>li>oti<r.  a*  li 


WEST  (CHARLES),  M.D., 

E  LECTURES  ON  THE  DISEASES  OF  INFANCY  AND  CHILD- 
L  HOOD.  FFflb  AmerlcaDrroai  the  Sixth  revit-edandenlargeJ  GD){11iih  eiiitioa.  Inoaetjkrg* 
r  and  handaome  octavo  volume  of  ATH  p«^(B8.     Cloth.  S4  JO  ;  leather,  $&  50. 

Cr  THS  SAMS  AUTHOR,    i  Laimlff  lirmmU.) 
ON  SOME  DISORDERS  OF  THE  NEKVOUSSYSTEM  INCHILD- 
\  HOOD;  being  the  Lumleian  Le<«lvree  delivpre'l   itt  the  Koynl  Cultrge  of  PbyHciaoi  oi 

LoDdon,  in  March.  1871.     la  one  volume  small  12mo.,  olotb,  $1  00. 

»r  THE  SA.VR  AUTHOR. 

LECTURES  ON  THE  DISEASES  OF  WOMEN.    Third  Americnn, 

from  the  Third  London  edition.     In  one  neat  octavo  volume  of  abont  bbO  paget.oloth, 
$3  li;  leather,  $4  lb. 


LSB'S    T.F.r-TTKV.'^     ny     ^YVtTIT.TS     ATtP    BOMB  i 
FOK  .  i  PKIN- 

cir.  'N.   u 

oa«  ii  '  '  .''•.  I 

WILSON  a    STIDESX  (N    tionK    oV    OLri'ASBODS  i 

MKUtniNK  Kud   Pj>EA!iK«>  uf  TUR  SKI.X      Id  <»•*  , 

Tary  baadaoiua  mvui  I'iiiiu   wolama.    4^  IM.  I 

OHnKCHFLI,   o>    ;  ;  KRAL  rSVKR  AND  ' 

♦^THKRf>r«R^S^  iTO  WOMKN.  1vol.  ' 

..  ATIRKONTMKDU 

..N.  Third  An) erle«B 

ft^ui  tu^  1  Jjtra  Aburt^rtauiJ  Lvodvaeditioa.  Ivol 
'^vo.,  pp.  S2f>,  elotb     43  SO.  [ 


8MrTR'«  PRArTTrAT.  TKf  UTTRf  05  TT!!!  WAST- 


MEI<Jt>  ' 

Mfc.Nr  i  . 

)iH.S.  rivta.     #:i  <x>. 


-..  IJION0   ANH  TRKAT- 
KitrSK.    1  vol.  Svo..  pp. 


I  ntBlralOn'de 


Hi. 


lit  aaa  k»a»l*»»a>e  t>«i»Vtt  vulaiaa ; 


TN'INCKET/S  COMPLETE  TREATISE  ON  THE  PATHOLOGY  AND 

TIlBAT.HlvNT  OP  ClIlLDBKn,  for  Student*  and  Practlllonera,  Trans-liUeJ.  with  the 
eonaenl  of  the  aalhor,  from  the  Second  tieroian  B4i(ton,  by  Jamm  Unad  CajiDWJCK, 
Bf.D.    Is  one  octavo  volume.     Cloth,  S4  00. 


TftBATISE  US  Pfl;%EK.  By  Robbat  !•  '  * 
iB.CC.  J  a  oaeociavo  votama  ol4tii  pug^f.  •  ■  '.  < 
Sl2?R 

trrnR^s  on  the  rtcdy  op  fever.  By  a 

Hrr»i<i!<,  M.D  .  M  R.I  A..  HbyitoUo  to  tli«Ma»tl 
•  Hoapltal      Id  oo«  vol.  Svo.,  clot b,  i2  50. 

>KB8' LBCTURB.S  OS  FEVBR.  Etfltad  bf  lobv 
William  Muore,  U.D.,  P.  K.  Q.C.P.  lBOB«0«lar» 
r»law«  of  'JOi  pasee.  olulb,  «S  00. 


I    >   1 1  ir/a  PRAPTTCAl-  TREaTISB  on  THR  OIS- 
;.A-K^   of    i;UILi«n&ir.    Hxlb  ■<illiuB.   ravl.ixl 

1     I        ..     "Q'.mI      In  <ia«  Urfa  o«iit.vo  rulnma  of 
0'  'loaalrprlBlnd    pagaa,  elolh.  |A  3A  ; 

•x<4el- 
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rHOMAS  (T.QAILLARD),M.D., 
Pro/MKorn/ 06»tMrtcji,*c..  inthfOnUtffto/ PkpiHeianj>andSHrffMn»,  IT.  T.,Se 

A  PRACTICAL  TREATISEON  THR  DISEASES  OF  WOMEN.    Fift^ 

Kdilion,  Ihorfiuphljr  revi«ed  nnd  rf  written.      In  one  liirge  anH  hanrtonnj*'   of  1*t»  Ti»lfl»t 

of  over  ^no  pngeo,  with   2AlV  tiluntraLidnM.      CInlh,  f  5  ;   leather,  $A  ;   vary  hanci*aiiic  half 

RuMtin,  raispii  bnnd^,  $fi  &0.     {Jn*t  Hrmtti) 

The  niithor  ban  taken  advnntaj;«  oT  the  oppi.>rtunity  nifordBd  bj  the  call  for  a  n^w  edittia  ■( 

this  work   to  render  it  WKrthr  u  coDiinuanee  of  ihe  rerj  reniiirknHle  favor  with  whirh  it  lui 

been   rei'eivod.      Kverv  pdftion  of  the  work   haa  been  carefully  revifcH,,  very  lauch  of  it  hii 

been  rewritten,  and  iiddiitonR  and  nlteriition^  ir  trndii<-ed  wherever  the  advance  of  reieaeeaiiJ 

tba  JDor^iised  rxperience  of  the  author  hare  j>hown  iheui  deaiml'le.      At  the  surae  time  opeeial 

«»re  has  been  exercised  to  avoid  ondoe  irrreAse  in  the  *iTfl  of  the  volutno.      To  aci?'>«Da»d(ii« 

the  Dumerouf  nd<titir>n«a  more  cond>-nr>ed  but  v  ry  olear  letter  has  been  n«ed.  notwithataaJia^ 

whiob,  the  number  of  page!<  hn»  been  tncrei^ed  by  more  thin  fifty.     The  aeriei  of  illa»tra>'eM 

hiM<  been  exlenyirelj  changed  ;  many  which  seemed  to  b«  fttperfluoun  have  been  omitted,  and  • 

Inrge  niiuit<er  i»f  new  a^xl  mperio'   drowing*"  hnve  been  inoerted.     In  it«  improved  form,  tliera- 

fore,  it  is  hoped   ibnt  (he  voluuie  will  miiinlnin  the  churacter  it  hat  acquired  of  a  eUindart 

authority  on  every  detail  of  its  iinport.iat  fubjeot. 

An  exHmtnalioD  uflbe  work  will  talUfy  tbat  tt  >■>  |  tl»  aoihor'*  Uri(e  eXrienKace.  bat  reflacia  bltaava^ 


oaa  of  great  merit.  It  tk  sot  a  mere  eutapliailoa 
from  orher  work*,  bot  i«  ihe  fruit  of  the  ripe 
thought,  Aonnd  JQ<)|(ineD(,  aod  erlllcal  obaervHrlnoa 
of  a  lfl>rD>Mi,  KCleotlflo  roan.  I(  )>  a  trea<nry  of 
knowledge  of  ihe  de^tarlrosat  of  laedlelue  Lu  which 
it  \-  dATitied  Iq  lt«  prtt»ent  revUvd  alale  It  cer- 
tainly bold-  a  rornmont  podltoo  aa  a  gyoteculngiral 
work,  aod  wtll  eonilooe  to  be  regarded  n^  a  Klan- 
dard  aalhurWy  —CiHcinnati  Mt<t.  /f<-tc',  l>ec  ISM). 
Thin  work  oeedn  no  tatroduclloa  t-->  any  of  the 
eWinii>d  natluD*  nf  the  world.  The  edition  before 
na  add*  to  the  alrenj  h  of  former  volume*.  With 
the  wiBd<>m  of  a  master  Inacher  he  hare  K^ve*  the 
r«>ult>i  rhiit,  la  hi"  Jadgtiten'.  are  roo«t  trnatwortby 
at   the   preiteoi  tinio.     la  It*  owa  place  li  ha*  no 


ful  Kludr  arautts  oihrr  aatborltlea  in  bl^f'arti. 
both  at  home  aod  abroad       Dr.  Tb   ><  i.bl» 

and    oi<ti*oi'-Dlloo*  i^aeher,     Ttiit   <•  <  "f 

bl*  BiBi-ning  tu  <he  •aine  praeilcal    >  t« 

mauaer.  Tbe  ta>t  «ditl»a  nf  lUI*  work  la  rrfh  rrua 
bU  pea.  wiih  ilnolded  pb'<uge«  and  Im^rovemaw 
over  former  «<tl' loiii.  Hit  book  pr»*''r.t«  r-'STtlly 
airrr'pied  facta, and  a«  a  (inlde  i<> )  hfi  •  ^ -rt 

naefol  and  rellatile  <han  any  work 
un  dlieaaea  of  w 'uiea.    ThI*    l««t  < 
new    lanreU  'O   thoHe  alr<tady    won. 
/oum  .  If.>v.  I«,  I8<i0 

Itba'beea  aDltrifd  aodearefally 
antbor  haa  brnoght  U  fnlt^  al<reiat  - 
and  a»  the  w»»«  of  fyn«ci>lfiglea1    > 


—  M.I 


7l.»i. 


rlral.  becanae  the  aaihor  la  tbe  beMi  teacher  on  Ihla  i  been  wldewpread  an<l  rapl'l  dnnoc 


aiihjKct  10  Ihemaaaeo  of  tbe  profsAatua  A»  hklberto 
tbia  work  will  b*  ihf  text-buok  oo  dUeaaea  of  wo> 
men  Wit  ooly  winb  thai  Id  oihtt  branehea  of  medl- 
etae  a>  «apHbl«  teachers  eoald  be  found  lo  wrtta  our 
l«xl-lto»ka.— /)efrut(   iMncet,  .Taa   \(Al. 

Bloce  tli>  Ori-l  uppearitoce  twelve  year*  n^o,  noMt 
the  pre-eut  day.  It  ba*  held  a  p»p>lnoa  of  bleb  ri»- 
gard,  and  la  (cenerally  ruoceded  to   be  one  of  the 
mnat  prartirHl  and  (rontworlliy  Tolumxa  ya'  pre    I 
•en led  I o  (be  phyalclan  and  alndcoi  In  Ihe  d''P'«rl-  { 
meui  (if  gynacotogy     Tbe  wo<k  «mbuitlea  not  only  I 


tbat  bav*  elapaed  olure  IheU-. 

one  eaaooneelTe  of  ibA  great  1 1'  -  JW 

tion  •nni't  be  upon  the  earlier.  <■•- 

eycli^piedU 'if  vynie<tiloglcal  tri.  'if 

arraD«<'iiieDl,  the  maiturlv  rn  ■r\ 

anbject    la  trenle.J,  niid   tl.*   1.  'e. 

rlvrd  from  tir 'halily  tlio  j«e 

to  thai  apeeUlty  <^f  »av  •  ta 

eommend  It  lo  llie  tilgbe  I  ..  i .„^,: aar. 

—Hiuk^xU*  Jonm.  <if  Mad.  *imtt  Surgut  iaa-  iMl. 


E 


niS  (ARTHUR  W.),  M.D.  L<md.,  F.R.C.P.,  MR.C.S., 

AnuUt.  nhntetrie  Pht/niriai  tit  MU!ill»Mrs  ffnapilal,  InU  Phuntelnn  tn  BritUh  tytrng-tm 

THE  DISEASES  OF  WOMEN.     InoliKUnjr  Mieir   Patholoiry,  C« 

tii>n,  Symptninft,  Diaj^nojtia,  nnd  Troatmenl      A  tnanunl  for  Student*  and    Prartltione 
In  one  hnndfioinc  octavo  voluine  of  &<30  pagee,  with  140  illuatratlons.     Cloth,  %i;  iaathrr, 
$4.      [J»*t  Rtadu) 

It  la  a  pleaanro  to  read  a  hook  ao  thoroa|hly  good  Tb«  greateat  pa'na  bare  beea  taken  wtib  t^  •••• 
ae  thtaone.  The  «p«Mil  qnalUlea  which  are  imn-  ttoua  retnllua  lo  trealtn^nt  A  liberal  aeliKtUya  «f 
epicoou*  are  tborun^hoifia  Id  onTerlng  tbe  whole  remeilieK  la  given  fur  eanh  morhlit  eoadlllua,  tka 
groand  clearoeat  of  ileacripttnn  and  eiinelaeneaw  of  atrnnKlh.  ni'iile  nf  n;<pMctil'>a.  koti  uther  deiaOa 
Hlateroeni.     Another  marked  feimre  of  the  1i  .ok  la     hninx  fully  explnlned      Tti>' dfacrtptutoi' vvf  #T«»r»^ 

••r, 
'-4 


tbe  atteoiion  paid  t<i  the  dcall*  of  many  minor  aur- 

g>cal  upxraikunannd  pr'.>ce>Jare*,  a',  f»r  Inaianee   tbe 

uee  at  tenia,  appllisalion  of  Inechcii,  and  iiHe  of  bol- 

waler  Ibjentona.     TheMi  are  am-iu;;  lhpiii->reeom 

m.in   nii-tbiida  of  trealm>inl.  an-l  yel   very  little  la 

aaid  atmnt  ihem  In  tnany  at  ihe  laxt-booka      Tbe 

bonk  la  i>netn  he  warmly  rnoum  mended,  eapeclally  tn     fore  flat  In  tbia  bonk  the  kiriit  ..'  (t  tp 

aludeuta  and  geniTHi  prarlltlnnera,  who  ue<>d  a  coa-    oeeda  Id  fala  dally  w<%rk.aud  hn  w\\' 

el*«  but  eoraplele  ru«iiiii6  of  Ihn  wiinle  anhjeci.    Sp«.    the  cle»-ri*a'>  and   faluoa  >»f  tb*  lar.> 

clallata,  loo,  will  And  many  uaeful  bitila  la  tl«  pagea.    givaa.     The  Prnettt toner,  fab.  lfiS3. 

—Bu*t<j7i  MkX  and  SktS).  Jtfurit  ,  HarcU  3.  Ift8t.       I 


logical  roatii'viilatioua  ao<1  opera  tl<>(i' 
and  pr<etlca1.     Mncb  earn  lia<  al*.^ 
on  tb«  paria  of  the  huok  irhlch  rl»>a! 
we  nnte  eapeciallr  iba   v 
frtrenllalloD.  oU"  from  ari 
of  abilumiaal  tomor«.     1 


ill- 
1* 


B 


ARNES  (ROBRKr),  M.D.,  FRCP., 

ntiKtrtrif  Pht/ntelnn  to  St    Thtunf*'^  Hmftftnl,  *<!, 

A  CLINICAL  EXPOSITION  OP^  THE  MEDICAL  AND  8FR0L 

CAL  DIRBA8ES  OF  WOMFCN.  Second  Aiiierii>an,  frotn  the  Seeond  Rnlargedan4  KeriaaA 
EnKliah  Edition.  Tn'^n*  Hondtoin*  ontavo  volama,  er784page«,  with  161  illailraAtaM. 
(N*U'  EiitioH  fortheoming.) 

TJODGE  {HDOH  L.).  M.D~, 

SmttrUut  Pnxftitor  «/  (Uu>tetri<:f,  Ac.  in  th«  Untvfrnttv  «•/  Ptnntt/lvttnia . 

ON  DISEASES  PECULIAR  TO  WOMEN  Jncludine  T>i8plncvm*>nt« 

of  the  Uteruf.  With  orifrinnHll'UMralioni)  Second  etiitinn,  reviied  ftod  euI.^Md.  la 
one  beautifalty  printed  oet«To  volume  of  631  paxes,  cloth,  $4  60. 
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PMMET  [THOMAS  ADDIS),  M.D.. 
THE  PiUNCIPLP:S  AND  PRACTICE  OF  GYNAECOLOGY,  for  the 

uiie  of  SlaiieHt.i  and  Prnclitionera  or  Medloln*.  SreoiiH  EHiiion.  Tbor<in|{l»  ReviFtd. 
In  on«  |Arg«  nnd  v«>r]r  banil^one  octnro  rolume  of  V76  yiiffr.  wiih  133  illgitralionvi 
Cloth,  t&i  leather,  $4;  half  Ru«Kil^  raiMd  b»t)d«,  t^  50.     {Jtut  luutd.) 

Pripaoi  to  ths  8scoit«  BDtrtoir. 
The  unufunlly  rnpid  rxlinuidiati  of  a  larp'  edkhin  oflb°<>  work,  wbtU  flal(«r3nj;  la  the  author 
u  tkD  »videnei'  lluit  hisr  liiborsi  have  (irnveil  ncccpinbie,  huo  Id  t«  great  nieiiaure  hrifrhtened  bii 
•en«e  nf  re«p'>n<ihiliiy.  Me  ha«  lher<-fore  endeavored  tn  take  fall  advnntaiie  f^fthe  opporlunitj 
afforded  to  bim  lor  its  revition.  Krery  pnjje  ha»  recelTed  hi*  earnent  »oriiliny  ;  lbi>  rriiici*in« 
of  bt8  reviewerv  hare  been  carofnlly  weighed  ;  and  while  oo  marked  iocreAKe  ha*  bern  cuade  in 
the  rise  of  the  rolume,  nereral  portiotip  hare  been  rewritten,  nnd  amoh  new  m.-iHer  bH«  been 
added.  lu  thin  luinate  and  thorongh  revi^ioo.  the  labor  invoJTed  bar  been  much  grenier  'hnn 
ti  perliapfl  apparent  in  the  re«alt<,  botit  ban  been  obeerfallj  expended  In  tbe  hope  of  rendering 
the  work  more  worthy  of  the  favor  which  bag  been  accorded  to  it  by  the  pri>fe8ei<>u. 

Id  qq  eoQBFry  of  t be  wurld  ha*  gyDCHrology  re-    Dot  oareleKi  readlott  tui  i>r'ir..iiu>l  -•ni'ir.     Ito  ralne 
e«lTe<]  mor^alt>-attnD  th^D  Id  Amaricit.     It  It,  th>-ii,  |  ■»  a  coDlrlbntlun  ■"  :  >  tiK^it-t 

with  a  feeltou  of  ple»»nr*  tbkt  w«  weteritnit  «  Wor»     ifaao  ihat  of  kll  pr.  abjacl 


i 


o«  ilUeioeo  nt  woioeu  from  so  emiuvnt  a  gyowcnlo 
glat  aa  Or.  Binmel,  aad  the  workl"  «B«aalliilly  eltal' 
•al,  and  l«ar<»ii  a  Jilrooi^  Imprat-n  of  the  aathnr'ti  la- 
dlTtdoKllty.     To  tritieue,  with  tl>e  e«r*  If  merit", 

tbe  book  ihffnnh'iil.  w.-nld  <l«in<iud  f«r  more  .pAC*  |  lo'lJi  Ma-llVd  w'lth  carV 
tb«a  It  at  «ar  cunimiiDrl,  to  partiuK,  we  caa  miy 
Ihitt  ihe  work  leernt  wkih  orlgloal  IJeit*.  fre^b  »nd 
Tataable  in<>ih»<]»  «t  pruellee,  and  U  wrlMen  Id  a 
Olpitr  •lid  •lognDt  «'yl«,  Worthy  of  tb»  llt<tr«ry  repn- 
Ib'Ijd  or  tbs  c-jootry  of  Loocfallow  itod  '^itTer  Weo- 
~e:i  Uotoxjs.— Urif.  Mad.  Jtmrn,    Feb  21,  IStiO. 


No  gynaeologlnal  treallae  bac  appeared  wblefa 
olalae  ao  e<|iiul  ainoiini  of  <-rl$lDnl  and  oneCul 
«(ter;  D>ir  doe*  ilie  me<ilcal  and  ^nrtieat  bl«eory 
Aiaerlea  lflcli)d<-  a  ht>ok  inor*  Dovel  hdH  a^ofal. 
■  tabular  anil  a'atUdcal  lnr»riiiatloD  which  it 
DtalB*  la  fuarrpltaDH,  both  Id  qiiaoltly  and  aoea- 
faey,  aDd  caneoi  be  oiltierwlaa  than  loraliiable  to 
falurn  laTMll^atora.     It  la  a  WOtk  wbtob  d«niaod» 


oontblDed.— C/l(cati' 

The  wide  repetallon  of  tbe  aniiior  inalia»  lit  pah. 
Ileallon  «d  event  Id  the  grnjeoolugicat  world  ;  and 
a  gUace  Ibrnagh  It*  page*  abow*  that  li  l»  m  work 
.11  maat  a! waya  be  a 
work  to  b«  carefalty  atudled  ami  froiiiieriilT  con> 
■akied  by  tho»«  who  prarlUa  lhl«  brauch  i>f  onr  rro- 
h*»\oa.—L'm<i.  Med.  Tlm<aani  Gtix  ,J»a.  10,  ISs<). 

The  character  of  tba  work  la  too  welt  koowo  lo 
require  eirtAuded  aolle«— •(ilDi'e  II  lu  »«y  lb«(  no 
rereoi  work  apoo  any  •iihjeet  ba«  atlalued  •iich 
xreat  popalarlty  'O  rapidly  Aa  a  work  of  fiea^rnl 
rafArpoee  npuo  Ihn  ciibjavl  nt  lilaraaea  of  WiitOKu  t' 
l»  loralaable  Aa  a  raeord  of  thn  largvkl  elmleal 
kXpennace  aod  obKervatloo  It  ha*  do  «<iiial.  No 
|ihy»lctaD  who  preleii'l*  to  keep  uf>  wiifi  i  he  ^d- 
VBOce*  of  thia  depart in«n I  of  mediclue  cau  .id  >ril  lo 
be  withoai  It.  — A' i«AniU*  Jtittrn.  o/  JlfMitdne  rinit 
Surfftrjf.  May,  It^ao. 


Ji 


nUNCAN  [J.  MATTirEWS),  ilJK,  LLD.,  F.R.S.E.,  etc. 

CLINICAL    LECTURES    ON    THE    DISEASES   OF   WOMEN, 

Delirered  in  Saint  Bnrtboloniew't  Ilotpital.     In  on*  very  neat  ootsro  volume  of  I7f 

pagea.     Cloth.  $1  (0.     iJuft  I*tti$4.) 
Tbey  are  Id  every  way  worthy  uf  their  aathur  ;    which  tnaay  yoaog  phyaleltna  •eem  bantupoa  f"U 
ladeed,  we  look  npon  Ibern  a««ni'oag  the  dijoI  valu-     lowing  iba  wild  i*acbtog<  which  «o  Infol  tbogyo*- 
able  of  bit  eootrlho'lona     Tbey  are  all  apia  mat-    coloay  of  the  preaeol   day.— y  IT.   Mud.  Jvum  , 
tera  of  treat  Intereat  lo  the  geoeral  pracillloDer   .  March, IHSO. 

Soma  of  lh.-m  deal  wlib  anbjecta  that  are  not,  aa  a  I  fbe  aothor  U  a  remarkably  etear  leeiorer,  and 
rule,  adaq.iattU  handled  lo  the  text-booka ;  olbera  *  i,i,  d|Ma„|oD  ofaymplom*  aad  Irralmeni  l»  full 
of  Ibero,  while  bearing  apon  topical  hat  are  a..aally  ^nd  anna>ilve.  It  will  baa  work  wh.cb  will  ool 
treated  of  at  length  in  aaeh  work*,  yet  hear  aoch  a  f^n  {„  g,  ^^^j  ,,|,h  bouefll  by  praci|il.>iir.r.  a*  well 
■ta'up  of  lodlTld.iatliy  that,  If  widely  read,  aa  they  ,,  |,y  ,tudeBla.-i>/«l<.i.  M*d.  and  Sura.  HtwrUr. 
eirlalnly  de»er«e  ■<}  be.  they  eanaot  fall  to  exert  a  y^t,,  7^  1880. 
wholeaome  reatralDt  upon  tbeandaeeageraeaa  wllfa  I 

A  MSB O THA M  ( FRA NCIS  H),  M,D 

THE  PRINCIPLES  AND  PRACTICE   OF  OBSTETRIC   MEDI- 

CINB  AND  SURGERY,  Id  reference  to  the  Proceaa  of  Parturition.  A  new  and  enlarged 
edition,  thoroughly  reriied  by  the  author.  With  addition?  by  W.  V.  Kkati5«,  M.  1>., 
ProTeatior  of  Obstetric.i.  Ac,  in  the  Jefferion  Medical  Oo1lef/;e,  Philadelphia  In  one  I  rr« 
and  handsome  imperial  ootayo  volume  of  <i60  pages,  atrongly  bound  in  leather,  with  raided 
band^  :  with  nixty-fonr  beantlful  platea,  and  numeroaa  wood-outi  in  the  text,  containing  IB 
ftll  Dearly  200  large  and  beautiful  Qfurea.     $7  00 

jyARRY  [JOHN  S,).  MD.. 

()lip.trtTiiHan.tnlht  PhUmUlphia  BfUtf'UAl,  rfer-/VMf  n/tkr  Ohttid  B^etrtp  0/ PkOad»ljtMa. 

EXTRA-UTERINE  PREGNANCY:  ITS  CLINICAL  HISTORY, 
DIAGNOSIS,  PROGNOSIS  AND  TREATMENT,  In  ooe  handiome  octavo  roluua. 
Cloth,  t2  50.  

rpASSER  (THOMAS  H.),  MD. 

ON  THE  SIGNS  AND  DI8KA??ES  OF  PREGNANCY.   Firgf  Atnfricin 

from  the  Second  and  Enlarged  Bngli.ah  Edition.     With  foar  colored  platen  and  illn£tr»- 
Hona  on  woo4.    In  one  handaome  <M!ta*o  *rtlnro#  of  about  &00  pagea.  dlolh,  $4  ti. 

*^flHADWJCK  (JAMES  R.},  A.M.,  MD. 

A  MANUAL  OF  THE   DISE \SRS  PECUUAR  TO  WOMEN. 
B«at  voluma,  royal  13mo.,  with  UltuiratioD*.     (Prtpanitg.) 


In  on« 


94         Henby  0.  Lka'b  Son  &  Co.'s  Publications — (Midwi/eryjl 


TEISHMAN  ( WILLIAM),  M.D., 

^^  Srfftnti  PToffir$frf>f  Mifltei/try  in.  t/i*  Pnivrritilt/  tfOtaJfffow.  *«!. 

A  SYSTEM  OF  MIPWIFERY,  INCLUDING  THE  DISEASES  OF 

PREGNANCY  AND  THE  PUERPERAL  STATE  Third  Am«Tic»»  ediiion,  r.»«/«iby 
the  Aulbor,  with  AdditiutiR  by  JoMM  S.  FARtsr,  M.I>.,  OlxtlptriciAti  f'>  >)>*  Phllkdtl^la 
Ilocpital,  Ac.     In  unc  largf  and  rrry  httn<i«<>uie  octuvo  vkIuoir,  of  T  ulik  "t*! 

two  hundred  iIluMrnti()n5.    CIr.th.  $4  M)  i   l^nther,  tS  30  ;  half  Rit«»i  '  •    tumU.) 

Fnir  worlcii  on  tblo  paVijfcf  haro  mfl  whbHi- c"      '  '    —  -  -  -k* 

•  (iemaad   »*  thi»  one  appear*  lu    liNva.     To  •< 

by  lb*  ffeqiieoey  wiib  whtcb  tt«  »in<hor'«  t\*tr  .«« 

n'^lcd,  and  it»  •tAlementb  lafcrr'' 1  '  '    ' 

lllemltira.  one  woiiUl  Jd.l^i'  IIihI  ' 
■  leUaii  dar>tlng  miu'l<  »iti>nli<io  ■ 

»r*  «rUll'>nt  It.     Til-   mith'ii'   U  oi  i.l.-i,i  i  v  i    1....11.11     ri  t  m  1  n..  ^nr  ii-<i  i«  pjii>i«i;".  — 1  ■.)  .1  n  j»  '-jiw^.-.  j»» 
rl)V  exp#it«ac«  iiiiii  <;ou»i'rr»tlT»  rt#w»,  onri  Id   00     1S80. 

'■HP  inure  VKlDMblo  Ibaa  to        t.  d.f   *iii^ri.-.n. 


ft' 


brunch  i>f  fn••(^^<•lB'• 
lhll.  —  AV.     - 

l«nt  toxi  I 
btve   b«i'- 

kion  act  li. 
llnunf  (h-  J 
klleralltinn   uh   lb« 


It   t>l"    «r"rk   '.rTr.ft 


"T  etillton  oflhlt  •xcfll- 

.     TU.>    r.uu.er  f.'ilili..iih 


piut^rtiMi  u(  (.lUsUUic  ti   JscUbcu  '  Juurn.,  Uxfc'u,  m^j. 


PL-4  VFATR  (  Tl^  .? ).  J/./)..  F.R  CF,, 
Pr'>ft>»f'T  of  (fMrlHc  M'dlnut  in  Kit*ff'»  OofUff*,*te.  W«- 

A  TRKATTSK  ON  THK  SCIENCE  AND  PRACTTCK  HF  MTriTTTPKTlT. 


Third  American  «<Utir>n,  revised  by  the  author.     Edited,  with 
HARftia,  M.D.    Ih  onp  bandionie  nciaro  vrvlume  of  nbotit  70  > 
illuatralioRi.     Cloth,  $4,  leather,  $6;  bftlf  KuMiit,  $.'(  iO.     (./ 
The  medlcHl  profeiikm  han  a-iw  the  opportnnltjr  ,  H  rerjr  lnt<>1llg«Dt  XH*" 

of  addluj  to  their  i!ti>ck  of  nUndnrd  meillciil  <rofki  ,  ooco-^iiry  fur  1  fu" 

on*  i>rihi-hMl  TolnwH"  'in  iniilfrifflry  nT^r  pnblljhi'd.     omitted. — Clnrit, 

Thu  •nbj»ct  In  l«k«n  np  with  »  lijA*l*r  hand.     Tho  '      rp|,^  r.. [.i.li'v  « 

part  duvoted  to  1ah->rin  all  It"  TMnoiis  pre^ontnllodw, 

Ibe  inanagiMaent  aod  r(iKn|i«,  tn  ndmiritbly  arriioittcd, 

»od  th«  vIrwa  fntnrtxined  will  he  fimud  ebusulUlly 

modi«rn,  ftod   the  opialoo-.  t!Xiiri»n<.«>d  trii*tworlhy 

Thw  work  ikboriDd*  with  plftt<<ii,  llluiifraling  Turlmi* 

oh'te^ricnl  po^UioQH;  th<>y  ar«  ndinlritbly  wrought^ 

and  Mlfurd  grtml  amsiatiinntii  to  the  »iudeat,— AT.  0. 

3fgii.  and  Surg.  /o«ro.,  March,  ISSO. 
If  loqulred  of  by  a  tnrdlcHl  ttadftat  what  work  oa 

obiletrica  we  nhonld   rrcarnmead  for  h<iii,  h.k    pur 

f.r^'rUrn-.f..  wa   wonid   ODdoubtedly   ndTi»c    blm  t» 

ehoniB  riayfatr'ii.    It  \^  of  ooiiTenleiit  tize,  but  what 

U  iif  chief  liap>>rt«qco,  iu  trenlmenL  uf  Iho  riiriou> 

aabj»cl«  I'  roDcii'e  and  plain.    Whlt^  the  dikcnHsiou 


2H 


-  iia.i<  tju 


foil, 
of  th. 

It  u 

thiti 
Ibtiiv 

MmUcuiJouruiil,  M4y,  lf&>i 
It  ccrt.>1iily    1*   an   admlra.bla   nrpnattlai  »t  kkt. 


and  deiicriptton«  are  Kuficleatly  elaborate  la  render  ,  \f^ 


•j|]«l(><rire  jiru  s>i  wa 
of  «r«at  v*\w.—  Thi' 


E 


WG(A,  F.  A.l  M.D., 

Pr<ifti«ntr  r^f  OliMtrtricf  (tnd  D'lieatitS  n/  W"men  in  Ifir  jtr wm  I'-jKiTrtirm  0/ In*  i'-i«« 

A  MANUAL  OF  0I5STKTRICS.     In  one  very  tiautlsome  I2mo.  vot- 

ume  of  about  .'iOO  pages,  with  50  iIlu»iratioi:R.     (In  Prf*t.) 
-DARNES  {FANCOURT),  M.tK 

-*-'  PhvK(cinnl(tth^(J*ntrnl  Lying-in  H«itpU<tl.  iMikdnn. 

A  MANUAL  OF  MIDWIFERY  FOR  MIDWIYES  AND   ^'  ^l 

STUDENTS.     With  50  illQRlr&lioDB.     In  one  neat  royal  l2mo.  voluotir  .^h; 

cloth,  $1  25.     {Now  R4iady.) 

pARVLV  [TflEOPHILVS),  M.D.. 

Prn/,  of  Gftitfiriei  and  of  thif  Mod.  a  nit  Snrff.  2>fo«AMt*  of  Women  in  fh*  Jr«4.  tVW, »/  t^Umm . 

A  TREATISE   ON    MIDWIFERY.     In  one  very  hanilsomi^  oct*¥0 

Toluroo  of  about  550  puges,  with  namerous  ilhtrtrationi.     (PrejwrtM^  ) 


ffODOK  {HUGH  L.).  M,D„ 
THE  PRINCIPLES  AND  PRACTICE  OF  0BSTKTUIC8. 

tiabed  with  targe  Utbographio  plfttes  oonlaining  one  hundred  bud  fifiv  mre  dfi 

original  pbotographu,  and  with  nnmeroua  wood-cuts.    In  one  lar 

quarto  rolame  of  550  douhlB-coluinned  pages,  BtronRly  bound  ir 
The  Work  of  Dr.  Hodge  t*  «otnetbloK   more  than  |  body  In  a  ito^te  : 
a  elmple  preaenlMloD  of  hi*  pHriieoUr  t1»wb  1b  Ibe  |  Obntelrics.     In  - 
de  >«rimeDt   of  Ob»letric« ;    It   U   >>oin?lhlng  tnuro  j  c-arete  Aod  «»l^  ' 
tbxB  nQ  )rdiuarytreati««OBiB>dwHeTyitt  ta.ln  foot,  I  fitcl   or  principle  ,a  1 
a  eyolopiodift  of  mldwtfefr.     He  hae  aimed  to  em    1 — 4m    »f<-rf    Timtti.'- 

0*0  Speoimens  of  the  pUteii  and  letter  predo  will  be  forwarded  to  aaj  a4ire«d,fi*etj  a«iJ 
0U  reeeipt  of  six  cenu  in  pavta^e  gtamps. 


Hbnry  C.  Lea's  Son  ^  Qo.'e  Pubucationb— (fifurjt'ry).  85 

TJAMILTOS (FRANK H.)  M.D.,  LL.D., 
A  PRACTICAL  TREATLSE  OX  FRACTURES  A^D  PLSLOCA- 

TIONS  Shith  Edition,  ihoronghly  ri-vUtd,  nnd  miKh  imiifiveel.  In  nn«  verr  hnnJiiiiin* 
o<>tnvo  vnliime  «f  over  OiH)  p;iffr!i,  with  :VS2  ilhtnlrttlionii.  Cloit,  $&  t>0 ;  l»tttb«r,  {0  60; 
half  Ra!>!<ia,  rmited  b«ndji,  |7  00.      (JmK  tsiurd.) 


S'<  iL<iiay  kinil  <ixpr«Mion»  oi  \««lcoui«  h>T«  hiKia 
»U''W.  I'.-il  u|»'0  M.ii'b  HiiccanvlTs  *(tl  t>-u  of  ihta  rul- 

ii.tiU  trojiiiKD,  ilini  »ratc<i1y  .'iixi^lnK  •• ln«  I'or 

II      .1    o  imi  lo  i>x  •0(1  ib<i  iii»ioiij^ry  ckiid\»i  ki*«>'1 

(LiT       \'  in  lb"  only  eoropi  »t«  w..rk  nutln*  »iili|»ct 

'       '     .lioli   li'ni;oiK»       Wo  ci'u- 

■i  «n(bui  uQ  ihe  d«i««r>ad 

liopa  ibH    lii>  uiAjr  lii«  to 

(  ■  '..1  iii'K  *>'jkll<>u*  !'.(»-  UDMor  hUi>hlll' 

u  — PAl/u.  Gull,  and  Olin    Mtcurii, 


>.>lb<i<»liid)r 


l:  a .  f .  r . 
>|>r  '  kluK 

tl     U    (I     M       ' 

iMtiiiaiiL" 
g«uer-i.  . 

to    tll«    («1>. 


..f.lki   hi>' 

I  |m.  (    «|»M 


UUJ     (ilSl^^Ui     V^uUuCI 


of  ihpiio  ii>t<Jt>.  to       III*  Im. 

rtiar.irrb     <uil|i<ltna    t«»«»ii..-. n  >  ■     i 

i>a«  of  lh<>  UlKba-l  ao'liiirli  l>'*  ■iiil<iuf(ll  v 

lu  ibt«  branch  or  »tirn.  ry      Tbi«  work  I. 

•  uii  pra>  t'Cii  In  tl«   <«ir»»g''lnrfai    «e>1   )"  '  "-ma  .   « 

■  abiaol  niAtttT  '-lerfrly  <iu<l   I   ffiLiy  lu  ib»  roxdvr 

<>i    Ktuilaat. — Marptitntt  Mrdiciil  jKurital,  ^ar.l/!, 

The  onijr  c.'ni()lel«  work  ua  iU  ctibjitei  Is  tba  £««• 

Huh    toD^.'i'    ..ml.    lii'I'fil.    .M.iv    IikW    in   -;'1.t    l  >i   hn 

buia«Mty  I  il>»  yiily  w  I  •  I 

bjevl.     A  »  I  teijulrc  u 


k  u 


16,  i^m. 


JicUU,  KjT.  10,  i»:.i. 


>l9«al  wurk— /><<roU  j:<aN<r((,  Mo* 

A  SHBUKST  (JOHN.  Jr.).  M.D., 

THE   PRINCIPLES  AND  PRACTICE  OF  SUHOERY.    Sroon.l 

KJIlion,  etiliirj^ed  and  revi»«d.     In  one  »erv  \Mge  and  bandcome  oe(nvo  vo)uni«>  of  Ovpr 
1 000  page*,  witb  643  UIUB(r»tioai.   Cloth.'trtj  l«'«tber,  $7;   hM  Rnni*,  $7  &U.     (JmsI 


[TJ. 


.  —  .!/./    .1/'  /    - 


The  ftcl  thrit  IM« 

eU'u  -  ■  •••■-  -    ■■  ■' 


heU  a  Mcoud  aill* 


■4>Bt  tOft  miatiit  in  D<J  vl'"<  Hi>  vxo-i'lurj  )•.•  w  list  has  i 
bafofa.     Thfl  i;«uvriil  an  uuv'tiitiul  ot  li«a  rut- 
tP»ri  111  the  flml  Mtkiliiii,  Iml  t'Voryj>art 
ktally  re«l>r<l,  KDil  laiieh  d«w  niaiier    "'^' 
I.  Mfd.  Timr*,  ?(!b.  ),  1870,  w 

.rabU  ri.wpil«ii  of  ib«  «;'•  *'"tl<;«i  ^*  :'\'^^uu%nif\iiimi!i*^-^^^^^^ 
if  Ihe  piipiiUritjr  i>r  tuit  tdiiiou,  wlilcli  IB  I  *    '  ' 

edUor'a  linods  with  ruanjr  r'.n;.iit«-         Wr    bii»i<   »)ri>»i.irj,!T  •nukpo   of   lit. 


proTemenlB.    Tbc  kaibor  of  (>' 
pu pillar  Ml  aii  cJllMr  mdJ  Wi. 

tl>   the    Ut>  r  ilili-   ,.f   -ijrii.  : 

ft»r  hlni  irlde  rrp' 
th«  prof<?»itoo  wi. 
t<|«  Wi>a   by   prerloa- 
1^  add  Ihal  (be  worki*  TTeU  au^u^iU,  QlUd  ulU, 


AnUbufvl  U4n  Bil  •U|)vriur 


-  wl»b  ^l  rr 


jMit  iii»«ur|il«i«l  iftUvra 


»eiteal  mattiir,  and  caoiatii&  la   brief  aud   o1«ar  I  la  Amorlva. — Ain.  PrfctttU^ntr,  Jan.  Iti7(. 


^TIALSON  {LKWJ.^  A.).  A.M.,  M.D., 
A  MANUAL  OF  OPERATIVE 

roy»l  ISmo.  Tolame  oT  about  600  paget,  « 

T1k«  work  bafore  a»  U  a  w«ll  prlut*"!,  profufvly 
1 1 1  ontraud  nannal  efoTarfonr  hnudred and  ««TABiy  ! 

p*ge«.    Th«  i>o»1c»,  ^•T -L  i>..i-„..»i  ..i  o.^  w..rk,  will 
faio  a  g»ud  Idea  or  'rralir«^ 

anrfvry,  whil«  thp  ;  s^Dled 

to  blm  wllhla  a  y>»i  r  ..-.u .  i  !«■  form  [ 

tba  lM«ai  itod  rnOKl  approved  h>  i»<raiiT« 

prvcadore    Tb«>pracliiiua  atd  c<i!.  ;.  wbicb 

lh«  dlff«r«nl   o|ivratluui>   M*  d.-.^, ,,....   .^^ablr   lb«  ^ 
«a(bor  to  com]irp!>«  no  liuniaa»«  amount  •><  practical 
i BformatSou  Id  a  r«ry  small  compaaa.— Jif.  Y.  Jtmittal ' 
t,  Aug.  :i,  IbTS. 

[Tbbt  volnme  I*  deroted  entirely  to  openllro  xnf 
ry,  and  Uloteuded  to  ruinllla.rU«  Ibaalodaul  wilb 
ideulla  of  operations  and  Ibe  dltferent  node*  of  I 

:BT'8  OPKRATIVS  SOROSBT.    lolvol.  8to.  , 
ai.,ofMOpa«aa;  wllbaboatI0Owet>d-«lU.|9S( 

^OOPBR'8  LBCTUKE6  OS  TH£  FHINCIPl.BbAllI> 

P»*cTioior  tJPHniiBT.  la  1  toI.  Svo  75op.  L-rb,t2. 

^BbOM  SINBTlTOTKb  AND  PKACTICBOF  BDR- 
■•KRT  Blgbib  «dit'a,iiiiprov«d  aad  altered.  Wiib 
tblrty-foar  plale«.  In  two  bandaome vctavo  vol- 
alA«a,aboui  lOlMipp.  .I*a(h»r.  rHl»e<<  »>«oH»  ♦*  6", 
THBPRrNClPLES  AND  PHArTUK  I' 
By  Wu.i,i««iPmBii.  P  R  S  F,  ,1'r  • 
Id  Ibe  DttlTeraliy  of  Aberdeen.    b<i 


SURGERY,     In  one  very  httntlsome 

vitb  '6ii  lllu^t^ntionl< ;  eliiifa,  $3*60. 

ptrforiulng  ibrm.      Tbe  work  1*  bandaomfily  lllua- 
tra.l«d,  aad  tbede»rr1pilnDaar*elatf  and  wall  draws. 
It    U  a  eU»<jr  aad   •»-"'''-i    u..|. .,..,.     ...-..,_   ..,..^., 
•ib'^ald  posseiH  one 
dim*   awar  wltb    lb>' 

,!•"-■   "--^ "■•■  ..•■•" ,..  .!»- 

tl'  ;«lwhaiu  wauled 

b)  .  •(•  aaarcb  la  flod 

11.— .»,..«-.       VM,,    ......    ..„*        .Wf.. 

Tbe  antbor'a  eooelaeuaii*  aad  tba  repltleaecs  of 
tbe  work  wltb  r«lQ«bl'  :itifira>1  't>>  (-aiUla  tl  lo  be 
,  alav-aed  with  tba  lesi  -^ '>f  oparatlTa 

anr^ery.  and  aa  one  '  i'r««llltotiar. 

— OiHcimnati  Lanctt  ■  ^  Ijr:,  IK"* 


W»itt,II.D.,Pri>rn»n.rorSii>grTj'io  ilif  PenaA. 
aiadlcalCoilH^  ;a  lioa- 

plul.Jic.    I  "1.   of 

TW)  pagaa,  w  ■  .        r  j 

MtLLEK'ttPUl  fourtJiAm*. 

ricaD.  from  i'  ijrin.    it,  ,  p, 

larne  (»to.  »... .,.,,..«■-,  -■•..   •  .•■  aJa>lraUi.ii». 

cloth,  ta  76. 

MH.I.KR'?  I'R.^PTICK  OjrsiTRrirnT    fnHirlli  Xtv«. 
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Hbnrt  C.  Lka's  Son  &  Co.'s  Publioationb — (Surgery). 


61  ROSS  (SAM DEL  D.),  M.D., 
Prti/e/iaor  of  Surgery  in  t\t  Jff>iriton  MeAteal  OolUga  of  Philadtlphi», 

A  SYSTEM  OF  SURGERY:  PRthologkal,  DJa^oatic,  Therapcokic 

and  Operative.  Illufltrated  by  apwardi  of  Fonrtpen  Bondred  Bngravinira  Fifth  editiu, 
oarefuUy  revised  and  improred.  In  twolargaand  beautifully  printed  iiuperlal  oclaTOf*}- 
DoieK  of  about  2;jri0  pp.,  strongly  bound  in  leather,  with  raised  band*,  %li  -,  h»U  E«« 
raised  bands,  $16. 
W«  liaTB  tieiaoai  r««.d  a   work  wiib   the  practical '  than   130,  bat.  th' 

T»lae  ol  arhkcb  iro  tiBTe  beeu  izioTelDipreHf>4>(l.      Krvrj  '  oraaoed  lowbatw 

ebiipterjn  *o  cotiftlnely  yai  tni^pihur.  tbat   tfa«  h\my  >  phMii."tb<>rp  ba*  •• 

^racUlioDirr,  whcu  iu  difficulty,  can  at  once  bod  lb«  '  wbicb,  toitrlhrr   wim 

IntoraiHtiuD  be  rvqutre^.     II In  work  iit  nonaiopoUtun,' mentA. — Lund,  Lanrfl.\ 


1 1  com  VI  nvN ,  lu  peritx'  1 1  < 
»text-bouk  mi  J  work  of  ri.'fci' 

laJltion  of  Graf't  "3arfpry,'' 
"  Primutinl'^'-  I'lff  "  It  i-  1 

I  tboflical,  I'l. 
any  liviae 


(ho  Kurgrry  uJ  tLe  wurlJ  beiO|!  fully  repreanoted  in  it. 

Tbe  work,  io  f»<-t,  U  ♦«  hWtnrl'iilly  unprnjudlrcd.  tmd 

8(1  KiuiiiKUtly  pmotical.thKt  U  i*  ntmoft  m  fnlisecniiipli- 

in««Dl  10  A&y  tliaiwa  bvlicTe  ll  to  b«  (Ji>»Ua«l  to  occupy 

aforetn'^'it  plncK  as  a  work  of  rcfprenep.  wbili*  >  tyiifta 

Ofnurictry  hke  tb«  preat-nt  system  of  Hurpfry  U  (be 

practlri<  of  "urg-fou*     Tbe  |.>rln(inK>inii  hin<ilii|[gf  tbp  >  trMlV«V"or  . 

work  is  unexrfpllonal3le;  iudf^d.lt  '■"ntrapt*.  in  the    ,„  ^„,  ^,„„  u:>ml„-r  u! 

Utt»r  r*»s|iei:t,  rvm&rkably  willi  Enitllvih  mediralaDcl    j,^p„  Immoofv  «nd  th/- 

•  urjic*idothbouodpuMlciiti..of,wliicl.«r*tf«n..r»ily    powgri-  of  mind,  nod  lb- 

•o  wrelcbedly  smeh.>d  ni  »<,  r^iulre  ra-bindlog  before   ji,clpliDc«nfl  methodical  di.p«*iU^,o  aud -- 

L*'"''  ."^^V  "'°''  '°  "«-^"''-  •''»"••  »/  *'«'•  ^■'•'  of  iK^nirKd  ktiowlBdg*  andperMual  ai|>erie««»-A.r 
March,  1874.  M'd.Joum..¥vb  187S 

Or.  Qroor's  8ur|f«ry,  a  grrat  work,  haH  become  Mtlll  An  a  whole,  we  T<^»rd  the  work  an  th*r*prem«tUiT« 
greattrr.liotb  inalie  andiiicrtt,loit»  modtr^centrorn.  i*'Sy<tem  of  Surgery"  in  ttie  Kni;ll>b  laoisaaec.— 9t 
Tbo  differeooe  in  actual  natnUsr  of  pefertanOI  nore    Lpuu  Malieai a.iul  Surg,  Jtnim., Oct.  1S72, 


»r  THE  SAMB  AUTBOn. 

A    PRACTICAL  TREATISE   ON  THE   DISEASES,    INJURIES 

and  Malformntions  of  the  Urinary  Bladder,  the  Prostate  Olantl  and  t.h<>  llrvthra.    Tbird 
Edition,  thoroughly  Revised  and  Condensed,  by  Sahobl  W    Ghobm.  M   D  ,  Sorgeoa  t4 
the  Philadelphia  Hospital.  In  one  haodsome  ooiavo  Toluineof  ^74  pa^ei,  with  ITOillas* 
trationfl:  elutb,$4  dO. 
Vor  refcrftnccHudgcuerBl  iiitormatloD,  the  pbyxiclaD 

ordurgeonftrtn  llnd  uoworkihai  uiewta  their nw-wMltie* 

more  thoroughly  thfto  tliU,  »  ^^Tl»(Hl  edition  of  Hn  ex- 

eitllent  troati»e.Btiii  no  nn>dioril  library  nhould  ha  wlih- 

out  It.    Kepl^te  with  bandfoaii*  illui-trallonund  pOod 

ideai>,  It  bnx  the  unuiiuiil  advantage  of  b«-lDg  ex^ily 

ooinprvhcuded.by  the  reasonable  end  ptvotlcnl  mnnupi 

Id  which   th«  Tarkiiin.  •ul<ject»  are  ^y^teuiatUed  and 

arranfipd     Wr  hBartlly  recooiinend  It  to  thn  profcwinn 

ft*  a  rnluablvadditloototheimportautllteratureordl*. 


eaaei  oftbe  urinary  organ*. — AtXmmtu  M*d  .Ja 

1876. 


..OcL 


It  i»  with  pIvMure  wf  now  a«aln  take  u^  Hit*  aU 
workiD  •  di-iMilxily  new  drm*.    ln*lp»>d.it  mu<tb«r»' 

l^nrded  HS  a  new  bLHik  In  Tery  iri- ■ »•- '■      ''•- 

tshapter?  on   •*P(r;e««i>»   of    ih 

Body,"  and  "  I»lthott)ray."  an- 

'le«crkptlvc  wrlttns;  while tliv<,i.-,,.,,-r  .^n     T^miut' 

!■  one  of  I  be  montCiint^liM)  and  clear  thai  we  hat  •  »**t 

read. — Xev  York  Jfecf.  ./oiirT|.,NbT.  Ib76. 


JiT  TUB  BAMS  AOTHOS 

JL  PRACTICAL   TREATISE   ON   FOREIGN   BODIES    IN 

AIR-PABSAaEB.     In  1  vol.  8to.,  with  ilintirationa,  pp.  468,  oloth,  fl  T&. 


THE 


nOLEMAN  [ALFRED),  L.R.C.R,  F.E.C.S.,  L.D.S.,etc. 

8*n1or  Dtntnl  f{urff*oH  nnd  ttcturer  on  D  ntal  Surfftry  to  St.  B>irtkf>U>mtt^»  Mtutf^itai  amd VU 
Ventnl  Cnltrjfe  of  Li-n^vn. 

A  MANUAL  OF  DENTAL  SURGERY  AND  PATHOLOGY. 

Thoroughly  revised  and  adapted  to  th*  use  of  Aineritian  stMdenIs,  by  T^  -r«il. 

wagon,  M.A.,  M.D..  D  D  S.,  ProfeMor  of  Physiology  at  the  Philudelpbia  !'  -^. 

In  one  handsome  vulutne of  408  pages,  with  3HI  liliiiitrBlionB  ;  clotb,$31'c>  .  :y.| 

The  author's  position  for  flfHeen  years  as  Icctarer  on   Dc'ntuI  Burgery  in  ot     i  m't 

Hospital  iind  as  senior  surgron  to  the  Dertal  Uospital,  is  ample  guarantee  of  hw 
only  in  the  details  of  tbiD  subjecl,  bat  in  the  matbod  of  presenting  it  f :. 
sought  wKfain  reasonable  cutnpnss  to  cover  the  whole  ground  of  the  manii;. 
from  their  flr-il  eruption,  in  the  light  of  the  most  recent  udvanoes  of  loieuce  bul  i^nu-t  c«      !..« 
Anirrioan  Editor  has  tniide  whnt  miditions  have  seemed  neoessary  U>  adapt  the  work  ibr>rowhly 
to  the  nefds  uf  American  student:*  and  pruotitioners,  iDcluding  two  new  cbaplera  nnd   a  laff« 
nuoaber  of  notes  :  and  the  wuck,  it  is  bop«d,  will  be  found  a  eondenied  a&d  eoaveniaDt  «^*«- 
book  and  manual  uf  prautice. 

flRDITT  (ROBERT),  M.K.G.S.,^c.  __ 

THE  PRINCIPLES  AND  PRACTICE  OF  MODERN  STTRQERy" 

A  newand  revitied  .American, from  the  lCi|;h1  henLirged  and  improved  London  editioQ  lUai- 
trated  with  four  hundred  and  tbiriT-iwu  wood  -ngritvings.  In  one  very  band>aae  •«!■*• 
Tolame,  of  nearly  7(IU  large  and  ulusely  printed  pages,  oioth,  ti  00  ;  i«alhec,  ^  01. 
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IJOLMES  (TIMOTHY),  M.A.. 

■*-*  8>irg4>on  nntl  Uteturer  ui*  Surgtry  at  St.  0^>rg*'*  Hotpilnl,  Loniinn. 

A  SYSTEM  OF  SURJERY;  THEOHETICAL  ^ND  PRACTICAL. 

I  In  Trratihkb  by  VARiniis  AnriioRS.      Ahbrican  Edition,  Thorodohlt  rbvim£i>  add 

I  itG-EniTRri  bt  Jou<<  tl    PAt'KAiiu,  M.D.,  Surgeon  to  the  Epi«eo|>al  and  St.  Jofepb'n  IKtspi. 

^^_  ti*l».  Fbilndflfthia,  ABuiiiied  bj  a  iiir^e  corpg  of  tb«  tnosl  emtnent  American  ituritronc.     In 

^^H  lhr«el>irjje  »nd  v^ry  hnn<l»oiii»  impcrinl  ociaro  Toluaieeof  ov»r  1000  ynget  encb,  with  over 

^^B  ]0(iO  illuBiralions  on  wdod  and  thirteen  liihi<gri»ph:o  plpt^i,  beautifully  oolr>reil.     |<SV/// 

^^B  ofUy  bif  tnb»crifttion.)     Price  per  rnlnme,  in  cloth,   ^A  00 ;  in  lentber,   97  OU;  In  b»lf 

HK  Ru«iii*.  $7  &0.     Per  Ml,  in  cloih,  S18  00  ;  in  leathor.  $21  OD;  in  bnlf  »  ureia.  $22  &II. 

r     YoLCHB  I.    {now  ready)  ooatains    Qkhsral    Patholoot,    Morbid    Procksseb,  Isjurieb  iir 
Oknbral,  Comi'lications  or  Injuribii  amo  Iiiji<rib8  or  Kro  onh. 
VoLUMB  II.    (tiuio  ready)  oontaina  Diskasbs  of  Obgakh   ur    8pkcial   Skmbb,  CiBCULATuiir 

SrsTRK,  Diqbbtivb  Tract  anii  flBXiTooHifiART  Oroans. 
VoLUMB  III.   (JH*t  Ttftdy)  oontiiina  Diskasks  ur  thb  RBflfiRATonr  Onr.ATta,  Bobxb,  JoiitTB, 
AVD  Muscled,  Dibbahkb  or  thb  Nbrvods  Stbticn,  Oumdhot  Wouhi>b,  Opkrativb  ahd 
Minor  Surokrt,  asd  Miscbllahbous  Scbjbcts  (inoluding  sn  eisajr  on  HoiiriTAi.s). 
Tbifl  great  work,   iaiuod  noma  years  since  in   Kngliicd,  ha«>  wim  »ucb  univiTsnl  coDfidonca 
wherever  the   Unguiige  is  spoken,   tbat  its    republ  iumiun    beie.  in   it    form    mure    tboroat^jlily 
adnpted  to  the  wants  of  the  Auerican  practitioner,  baa  feemed  to  be  a  duty  ow  ng  to  the  pru> 
fetwioD. 

To  acoompllsb  this,  the  aid  baa  been  inritad  of  thirty -three  nf  the  moat  diitingnUhed  gentle- 
men, in  every  part  ot  the  onuntry,  and  or  more  than  »  yenr  ihey  h'lVe  been  a.-'Siduouely  engagcl 
upon  the  tivrk  Though  the  nrtginal  wurk  presents  the  oou)bine<l  livbur  of  the  muiit  eminent 
nteinbers  ot  all  tt|e  tuusl  prtiminerit  suhools  or  hngland.  yet  the  hipse  •<(  time  since  the  appvar' 
once  of  tbe  laat  ediiion,  tbe  progress  of  soience.  and  t-e  pfrciiliariiies  «f  Amerio>wn  pra  tik<«, 
h'lve  rendered  nece!<sary  a  most  careful,  iboroagh,  and  scNrotalng  revision.  Each  article  hna 
been  placed  in  the  hitnd*  of  a  gentleman  sp«ein1ly  competent  lu  irrai  it«  subject,  and  on  labor 
has  been  spared  (o  bring  each  vtie  up  to  tbe  loreutoKt  level  of  the  timi^ii,  and  to  adapt  it  ihor 
Dughly  to  llie  pr.'Clice  of  the  country.  In  cerinin  n  ines,  tbi.>  hu«  rendered  n«cet>fiary  tbe  sub> 
■tilutiot)  ol  an  ent  rely  new  esi^ay  for  the  original,  as  in  the  onse  uf  the  urliciei  on  Skin  l)i»vH^e», 
and  on  Dtfensea  of  the  Abjorbent  8yst>  m,  where  the  Tiewg  of  the  aulhurs  have  been  superi^ejed 
by  (be  advance  of  mediciil  foience,  and  new  ar«'clei>  have  therefore  b>-en  prepared  by  I>rs.  Arthur 
Van  IIarlixoen  and  S  ■..  Bumbt,  re<<peQ>ivrIy.  8oiiIbo  in  tbe  onse  of  An»i>tbetio»,  in  the  uihs 
of  which  American  pruolica  dillera  Irum  that  of  bnglaod,  tba  original  h»»  bren  suppleuientrd 
wiib  a  new  esvay  by  J.  C.  Rkktk,  M  D.,  treutlog  not  only  i  f  lUe  employment  of  eib.r  and 
ahloroforin,  but  of  tbe  utber  aooiM'hetiu  agenta  of  more  recent  diseovery.  The  name  eurrlul 
and  conrcienti  Usi  revittiou  bus  been  purriied  thruughoui,  I'adiDg  to  liU  inoreiie  of  ue»i  ly  uite- 
fourth  in  matter,  while  tbe  series  of  iltualrationa  b»»  bern  uiure  thnn  doubled,  and  tbe  whola 
i»  prerenled  an  a  complete  exp  -ntrnt  of  British  and  Auierican  Surgery,  adiipted  to  tbe  dnily 
needa  of  the  working  practilumer 

In  order  to  bring  it  within  the  reach  of  every  member  of  the  profession,  tbe  five  volumes  of 
tbe  original  have  been  onmprewed  into  three,  ny  rmploying  a  douole-oolumned  imperial  octavo 
page,  and  in  this  improved  form  it  is  offered  at  less  than  one  half  the  price  of  the  original  It 
ia  beautifully  printed  on  handsome  laid  piipar  and  furmii  a  worthy  companion  to  Kkt.nijlus's 
"  Br«TeH  or  Mkdicinb,"  which  ha«  met  with  ao  niLUob  favor  in  every  seoiion  of  the  cuuntry. 

The  work  will  be  sold  by  subscriptiun  only,  and  in  due  time  every  member  of  tbe  pruletf»>oil 
will  be  called  upon  an*J  offered  an  opportunity  to  subscribe. 

II  I*  a  anbjeoi  fur  cosKTMiut*  luu  ih^i  the  ide.  ol  sulta  itad  aubstaalialiaad  avalaabta  addlttoa  tolh* 
an  Amerlt-Ko  sdlllou.  kQcorporftiiug  kU  recetitir  ac-  |  llbtAry  ofaay  niedlsal  man  It  i*  more  wteldy  auil 
qalretl  ka>>wlcilgeabd«xpenea<;«,»buald  taavebeeD  riiore  osefal  lti«u  the  Uto  vulame  knglisb  eUliluu; 
euoeelve'J,  aoil  ila  eBeeatt'>a  tairurted  to  (Qcti  able  and  wiita  iit  curopanlou  w  .rk — "  Kejruoldk's  Syntfliu 
hand*  a«  I'nckaid'i  Tbe  namea  of  cu«djutui»  la  ,  ul  Mtdlcloe"— will  wall  repr«««at  ib«  pir«ool  aiaia 
t«ie  edlllon  or  lUo  l«t  vulame,  wbiob  baa  come  to  '  utoar  solaace.     Uue  wliu  U  ouilllar  wilh  iboaa  two 


m. 


baad,  aff'Tii  a  aalBoleai  (naraalee  I  at  i  be  wurk  baa 
Bt>i  onljr  bt^a  bioagbt  fully  op  to  datft.  bat  alio  thit 
It  has  beea  accumplltbed  lu  that  large,  iborongh, 
aad  aeUutlfle  sptrli  which  cbkriclerlsed  toe  coairl- 
builoaa  to  Ibe  orlglunl  ediilua. — \.an.  Jour^.  uf 
Mid.  Acicu<-f>,  Kov.  ie>bl. 

li  hAA  bn«D  Ibe  guide  and  cnuo»«llor  of  maoy  a 
)>erpl»xad  pbyatcUu,  nuil,  U|ii>a  ibe  wUj>«,  ha* 
{.r.ivea  lt>el(  »a  U^liifiil  ao  adFl>i<?r  Ax  ouuld  lie  da 
atred  Tbe  Am'^ntdo  rerldera  bnve  added  Urjtniy 
tu  die  ongiuai  >cxt,  and,  for  like  muit  pun,  faaw 
«bliauced  tt4  valuo.  Wm  uaafciUy  eummeuo  It  lo  our 
readera,  aad  thaok  the  euterprialDg  pi]tillib«t»  (vr 
the  bBud>'MUiB  Way  tba  volume  baa  beea  brodglil 
<ttkU—S.  CaTKtliHO.  Mtd.  ,/riUrH  ,  8epl    ]8:>l. 

Tbe  auibora  of  (be  oiiglual  Bogllah  edition  ar« 
meo  <>r  Ibe  front  rauk  lu  kogiaud,  aod  Ur  r'Ackard 
hMia  hena  f.>riaaaie  in  securing  a»  bla  Aiui  rlcuji  cu 
adjuiora  »ach  oien  a»  Har.hn  uw,  ll^de,  Huoi,  Cun- 
a«r,  Mliuauu,  M..>rli.'0,  Ujdgou,  JvWull,  aud  iheli 
•olleaiavit.  't'bry  havt  r*vi««u  and  added  «u  all  ih<e 
•  itlelea  excapl  lliree,  wbiob  were  loaud  oo  cjuip  etc 
r«i|alr»  any  ••IdliluDS  Tbe  oew  luaiivr 
VAile*  conalUerab  y  lo  aiiiuanl  Aod  cliaraetar,  but  ia 
•  yajuuiciou  Bud  u>«rul.  .o  rouii*  taava  It  .a  lary 
gbt.  wiill«  ta  V  bam  (lie  addUiooa  are  Uge  il 
iMiaaatand  radicat  la  characier.  Aa  a  who  >.  lb> 
wrfc,  11  we  may  jndge  b>  tbu  Ural  volama,  will  l« 


worka  will  b«  fairly  well  farniiined  bead  wlae  and 
baad  wlae.  — 7*^*  Mfdical  y'let,  Jaa.T,  it>ii. 

Oi»al  credit  la  due  to  ibo  Amerlcau  edlliir  aod  hli 
eoiaborerr  for  r«>TiatDg  and  bringing  witblo  ea*y 
raaeb  u(  American  eurgaooa,  a  work  w<  icb  baa  brra 
raceived  wt<bi>ncb  uuivertal  (avuroo  the  o.Uar  tide 
of  Ibe  Ailaaiie  mm  Holmaa'i  !>y»)i»iu  uf  i^tir^ery  la 
lb«  lilt  ot  Kugllaii  cunirtbiitor*  to  Ibv  Ural  rulume, 
we  dad  ibe  a^uea  of  socb  wellkaowu  »iiri;a.>ua  «a 
d.r  Jamaal'agot,  HIiuuD,  8aTory  Ca'laoder.  Karrlay, 
and  otiieraei|ually  dl>tlLguiBb<<d  ;  wLlle  aiouog  lOa 
AiutrrlcAD  r(<Tla«rs  we  reci'guU"  oien  uf  uule««  vuleb- 
iliy.  Wilb  regard  tu  tbe  iiiecbauloil  eaeculluo  uf 
tbt  work,  aviiber  paitia  aur  uiooey  aeeiii  to  have 
beea  apared  by  ibe  publUbera  —  PA^/ti.  Jf«<f.  <JW(J 
Surg,  tttpvrttr,  6ept   U,  li>Sil, 

In  the  revitloB  of  the  work  for  the  American  edl- 
luD,  Boi  ODly  baa  prorislon  been  roada  for  a  recug- 
uMoa  of  Ibe  advaocea  uada  lu  onr  knowltdg*  dur- 
ibg  lae  lea  years  atuoe  tta  Or>i  pal>licaiiuo,  but  aUO 
I'ur  apre««n<atlnn  uftbe  varatlooit  Id  prae-lce  wbieh 
<:baractertio  Aioar  cnq  aurgety.  and  dl-nogulab  ll 
.ruin  ibat  uf  Great  Brilals  Ibe  work  la  iiu<  wbick 
we  lake  pl«k<^Brc  iu  e>  uiuifodlug  lu  Ibe  uoliL-e  uf  our 
«ader>  a*  ao  eucyilopaidla  •  f  •urgkcal  Wa'>wieaga 

ad  pmrtlca  — tfi.  lAtuu  CVurl  r  o/ J(aili<.liva^  V<*^  . 
,a»l. 


>» 


Hknrt  C.  Lea's  Son  &  Co.'s  Publications— (Swr^fry). 


DRVAyT  { THOMAS),  F.R.0.8,, 

THE  PRACTICE  OF  SirRG"ERT.    Third  American,  from  the  SeL 

ond  and  Keviiied  Englifli  Bdition.    Thomughly  rcvued  and  aiucb  Improved,  by  John  B. 

Ri-berU,  M.D.      In  one  large  and  rery  h*adaom«i  impvrUI  ooUvo  volame  of  over  1000 

pager,  with  673  tllu8t.raliunt>.     Cloth,  $6  50  ;  loalhor,  $7  50  ;  very  baudiouc  h«lf  Ruacla, 

rai«ed  bands,  $8  00.    {.htst  Issued.) 
Mr.  BryiiDt'ii  work  h*«  lung  b»«ii  a  rii.voTU«  on«  (  the  wh-'"'-  '-   -••  <  ti  boao  ojiTefolly  rr-^---'    — -rh 
wUh«org0vQ*.    Alt  it«  mime  loi.l)eii.le«,  K  la  of  a  lUo-    of  li  hi 
rnughly  pritellc*!  cbaract»r.     It   i*  <Jl»linc(ly  Indl-  i  bron    ti 
Tidoai   tn  that  U  $irt»  <lin  rebuild  o(  IU#  iturbor'i  I  Mt4 


'■11  boao  ojirefolly  rr-" 
tI  «v«ry  obfcpler  - 


Tidoai   tn  that  U  firt*  Oin  rebuild  of  IU#  itutbor'i  I  Mri    >■«»«,  ...m.  ir-SI. 

iBrge  and  Turied  evpiri^^ncB  ii.«  iiu  oper»lor  ftod  «ll-  |  xh-*  KiiRlt»h  «ailIoa,  from  which  tM$  I*  pHal«4, 
aieiil  teacb«r,  »tid  U  on  ihul  liccoiiul  friz.-d  de^orv-  i,^,  t,,„o  rurnrnllT  rovi,r.1  nn.t  rrTrriie^n  .  4tnjf.«!l 
edIV  UUIl  ««  *n  "fltltint  w.lU-     Tli-  ■     '  res      «,„,.  Bh-oi-r  Imi      •  t 


edl.v  Ulitl 

Burlly  cwudsnued,  the  de^erlptloo-  ■  <■>•■ 

•4i>n>t  lirlof  and  lo  the  |Hilut.     Tha  i  i  're 

woll  cbcaeD,  and  Itetyplrftl  cat-e^  oi  in'  iimiiur'* 
ei|:><''riva<?<>  arnfallor  interval,  ami  are  uf  more  tb>D 
otdtuarx'  Tnlne  tu  Hie  worklug  nargeau.— jV.  Y. 
Medieal  Record,  Marcb  8,  IRSl 


«T^r;  ohnpter  h't« 
•>De  huaiir«d  sew 

ill  .J    Aiiii'iuju   t'-l, 


He  Lus  wriLiva  to 


It  Is  »  wurV  e<fipcMttlly  adApted  to  tba  wtaU  of    i«  a  nro  vlrlu.>- lu 


"Tk.    tr 


Wc>rk  of  <Jro8«  In 

liny   "^aiL''-""'*' ,    tTj- 


.1      Lud 


•lad^otN  uBd  prikciltluDpr*.     Wbtle  not   prolix, 

air  'fit-  iDBtrnrttoD  in  MifllrlHUi  delitil  for  it  full 

der-itaudiDg  of  korulcal  prtuclplips   aad    (be  ti' 

mtai  of  i<iirk;ieat  Jlhen»u>».     11  ciobracat  to  it»  dc 

ail  Ibei  dlhani^es  that  ate  ruco|;u)«>fd  um  boIxigiLie  lu 

•  nriftery,  and  all  traamallc  injaricK.     lu  dli«*o**Ui^' 

tbe«o  II    b»fc  >«h«med  to  b«  th<t   aim  of  (ho  aofhor    - 

ratber  to  preteal  lb«  »lnd«n(  with  practical  liifur-'  h 

nia-tlou, and  Ibat  alone,  than  tobui'deu  bit  meniorr    >  id 

wUU  Iho  »lowi  uf  ditferaot  wrilera.  biiwevar  dU   i  ;■'  ol 

tItigalNhed  Ihey  nii^lU  huva  b««u.     la  ibU  •dlilQU  1  marUa.-f^Ua.  Jtcd.  £l-  Wi^ikiu,  t«U.  -Zb,  'ii,il. 

J'PRICHSEN  {JOHN  E.\  ~ 

-'  Pr'if  m tor  of  surgery  <H  uni'— ratty  Colltge,  London,  (to. 

THE  SCIENCE  AND  ART  OB'  SURGERY ;  being  a  Treatiseon  Sur- 

gioal   Injuriea,  Diseasea  and  Operations.       Carefully  revixed   by  tb«  Aillfaor  from  tho 
Seventb  »nd  enlarged  Engliisb  Edition.     lUiiiitrated  by  eif^bt  bundred  and  <ix|y  two  ea- 
gmvinga  on  wood.     lit  two  lorgt*  and  benutifn!  octavo  vuluinea  of  nearly  3000  pa^cf  : 
■    elotb.  $6  aO  ;  leather.  tlO  fiO;   half  Rnsfia,  f  11  50.     {Jhh   Usut4.) 


ikliioii  on  i(ari;i<ry  u  r 
'ronrpleaaiim  tof 

ha'  '■MitHn.-.l  u-  h. 


fT, 


Of ' 

our  t 

wbi  ■  ' 

trfiiii  ,     M      I 

dum  ^ 

of  hi.  -       '    •■  '       '    ;  ■' 

ailulri>!>l;  lo  wrlto  »  nio)«'l  t-M-hi.  ic,    ^^■t,,.(,  a  .. 
at  the  leulC  coxt  ortime,  to  Ivarn  Clip  mcxt  of  n  tr>t' 
vart(pry,  w«  turn,  by  preft-rcuiu,  u*  Li-  ».t1c.     It  l• 
pl•■n«ure,  tberufore,  to  eeti  Cliat  t ;  li'mofiti? 
Kfoeral.and  ha<  led  to  tben('i<  lotber  ad) 
\\fit\. — Mnl.aHdSarg.RrpiiTtri    \ 


Wiird  .' 

■ed.     II   Will 

t-'i  11   1.,i.  1,.., 

iun'T,  A|,rll,  isTb. 


'>(r. 


-tl' 


Nolwilbi'tamllnplhclncrt'are  iu  !ilir,  wec>bF<<rT«<  thai 
miicl'i  old  matter  liiu  tteen  omittarl.  The  entire  work 
ha4  IrauD  thoroughly  written  up.and  not  merely  a.n)»n<l 
ed  by  a  (v.m  extra  ehaptora  A  ^tv^K  iLaprxVeincut  tni' 
l>u«U  made  In  the  llluftratlona.  On«  huiidri'd  nnd  tifti 
new  onaa  ha»B  been  ailded,  air!  "■  ■  "  "•  >>  ■  ■  i  '  ■•  ,  ■ 
bare  been  Twlrawn^  Tbeautb.i 
faror  with  wblch  hi*  work  ha<"  ■ 

ran  Huri^eonei,  and  biui  end«iiv(ii.^i  , uuvi   jui  ini-'-<    .irtn   ' 

■Klltlon  more  tbaneTi^r  wurlby  of  tbairapproTal.  That  I  inctnJ 
bv  ha*  nuct-eedcd  adinlrnbly.Tnuat,  we  tbink,  be  Uie    aDce*  .  uj, 

gantrral  opiulon,  Uf  b«urtily  reoommand  tba  book  to  ehanjif  l>r  i  ne  ornlcv.  ma:  i  nn  wurit  »  it<i  j*i  app«*et 
both  ntudfot  and  praclitloaer.— A',  i".  J/eJ.  7owrn/w  i»au  entirely  newone. — M«d.  Seeurd,  K^h  S3  Ihlt 
M«.  IH'8-  '  ■      .         . 


Forthe  paiit twenty  year*  8riebaea*a  Cnrfary  ha* 

miilatatnedUeplaf:"^"- •'■■'  —  .-•-"■  ^      ■  tit 

in  thin  country,  bui  m, 

10  hnirt  It*' ernnnd   ■  ,„, 

^  ■»«  I'aan 

'•  »ala> 
ni  bna- 
•  •J, 


H 


OLMES  {TIMOTHY),  M.D., 

Hiirffff'u  to  Ht  Ornrgf'ti  Hn*pital,  London. 

SURGERY,  ITS  PRINCIPLES  ANDPR  ACTTCE.    Tn  one  band- 

aomeoctavovolnmo  of  nearly  1000  peges,  wRb  ill  illustrations.  Cloth.  t«:  leather   «T- 
half  RuMia,  17  60.  ''  *'  • 


Thla  ta  a  work  wbUb  tiHH  b««fl  looked  for  on  hoth 
it  ilea  ollbe  Atlantic  with  mnch  lotere»t.  Mr.  Uulmea 
la  a  aargeuu  of  Urge  and  varied  tixperi«qcv,and  une 
of  the  beatkaowa,  and  perhapn  ibe  oioxt  biilhanl 
wcller  apoo  unrKical  subjecta  In  England.  It  la  a 
book  for  otudeni* — and  an  Admirable  one— and  for 
the  boays«De''^'P''^'^^""'^'''  H  wUlgiveaaiadeal 
all  the  knowledge  needed  to  pass  a  rigid  eaamlna- 
lloa.  The  book  fairly  ja«tlBe»tbe  blgbaxpectailona 
ibal  were  formed  of  U  Itaatyla  taclearand  forelble, 
ev«n  brilliant  at  tlmefe,  uad  the  conclKaneaa  aaeded 
tu  bring  U  wUbtnUt  pTo^et  lVmiV».b»»  uuvVu^atred 


Ita  foreeaad  dlatlaetaeaa.— J<^  T.  Jtnl  B«</i>rdL  iniU 
14,1976.  -.*r« 

It  will  be  foand  a  tnoal  exeellant  apltonaof  aM* 

gery  by  the  p'-"""- ' '■' -1  ■ '■     ■ 
lime  loglvo 

works, and  !• 

of    DO  one  W»:  luu    lu     i  -   CM)   j:.i 

author  baa  sucpocded  woll  h 
practical  aocoaut  "f  -«oh  -^ir 
a«He,   and  of  the   t 
munly  advlaable. 
l9,r  workln  Ibe  pr' 


\in<aY. — (HivcVitik«Ll\  M*.a    Nrvix.  Ipri  I,  1 876. 


«i»ad»4 

»4kaDW 

od.    Tba 

via  aa4 

.inU  4»M 

inual  ces> 

in  a  a  pop** 

«Myaaai«x»- 


Henry  C.  Lsa's  Son  Sl  0)a.'B  Pubucations — (Ophthalmology).      29 


UTELLS  (J.SOELDEKO), 
A  TREATISE  ON    DIJSEASKS  OF  THE  EYE.    Third  Amerioan, 

from  (b«  Third  London  Edilioo.  TbiToughl^  revised,  with  eopioo.o  nd<)ilini]«,  by  Chns. 
S.  Bull,  M  D. ,  Surgeon  und  Pathologist  to  the  New  York  E.v«  and  Enr  Infirmnry.  Itlat- 
trated  with  about  260  engravingft  od  wood,  and  six  colored  plueB  Together  with  ««lec- 
tioDE  frofl]  the  Tei^t-types  of  Jaeger  and  Snellen-  In  one  large  and  very  handsome 
octavo  volnma  of  ilUU  pagea.  Cloth,  $&;  leather,  {0  ;  half  Ruvbia,  raised  bnnda,  $6  50. 
{Jitat  Itgved.) 

Tlie  long-contlnned  illness  of  the  autbor,  with  ila  fatal  termination,  baa  kept  this  work  for 
)e  time  out  of  print,  and  hnr  deprived  it  of  the  Adrantnge  of  the  rerivion  which  he  sought 
i^Kive  it  during  the  laj>t  }rear»  of  bi- life.  Thin  editi^m  has  therefore  been  pla':'ed  under  the 
lilorial  eupvrviifion  of  Dr.  Bull,  ^ho  hAA  labored  eurne.'tly  to  iittrodace  in  it  nil  the  nilTarjceg 
which  obserrtttfon  and  experience  have  noqoired  for  the  tbeory  ami  practice  of  o|>btbalmulogy 
linco  the  up[>«»rance  of  tbu  taut  revision.  To  acciumnlitih  ibi'^,  (.'oo'ideriible  adJitidUh  bave  been 
retinired,  and  the  work  \»  now  pre^enled  in  the  eortudem-e  thiil  it  will  fully  de«erv«  a  cunlinu- 
abce  of  tiie  rery  uiurked  favor  with  which  it  fasR  btdivrto  beeo  greeted  a«  u  complete,  but  con- 
ct'<e,  exposition  of  tbe  ])rinciple8  and  fiiolB  of  i(8  iu>|  iirtment  of  raediciit  pcienee. 

The  additions  made  in  the  previous  Aaierioiin  i  Dr.  Have  have  been  retained, 

including  the  very  full  serici)  of  illuutrations  and  tlit  .,  1    -  '^f  Jaeger  and  Snellen. 

Thte  new  edliloa  of  Dr.  Wells'*  great  work  uii  Wtt  ,  gnitge.     la  lb«  6eoood  edlikoa,  the  aulfaur  «howfld 


eyx  will  bb  welcomed  by  itie  pro(«halon  nl  litrgo  ar 
Well  a«  liy  (be  iicali«l  UcobUlnKinitcli  urre  lu  .  iter 
reUiiii;  to  ttvatuieut  Had  pttlh-<logy,  ubd  l>l>p'Ogl>l 
lliuroudilily  up  wltb  the  jire-'^n"  flMm»  "f  <ir>lt'hl«i- 
UiJI'jgy.  ll»  clinpter  Ml  1 
dailbn— a  utibjoft  innrh  rt: 

L  ■■    ■■   ■  .'■■        :■  i    i.i,  i.-M. 

I  rali«e  UD  dl)»aa«eB  of  (he 

I-;.:  ly  £ckoowlcr)giiii),  uii<]  are 

»>'<  ULUJ.ljf  10  uli  v\  I;'.'  iJC)/n«»  tf  h»T.i  i^lvon  i.ny  at- 
teaiiou  to  o|>liihKtinta  nurgfry,  ttiRt  aoy  di*ca*i-ioa 
or  I  li.  Ill  III  till-  lull'  il.iy  \\\]\  h^  H.  'vi.iU  ut  ^uyftetD- 
Kii  •■  iigcfui  Id  ro- 

i-  !   the  eJitof, 

>  I.  >  II   np  10  the 

liiu««.  A--  a  ivii-li.'uk  nu  itjiii  -lijiiiiu-  MirKery  (or  I  he 
i;.<igll»k  •petlckL'g  priieliilooor,  U  U  ivllbuui  a  rival. 
—  Am,  Juurn.  I'/  McU.  tici.,  Jhd.  IhBl. 

The  Work  ha?  jtittly  held  •  high  place  In  Kngluti 
ophthalmic  llieriituro,  nad  nt  Ibc  tllueof  llsflrtl  ap- 
pnxT^net  wa«  the  Xie*l  lraatt»e  oritii  kind  la  liie  Inn. 


iuiluKtriouk  r«»e»rch  in  i-iMln^  new  mmorlHi  from 
i-ri-ry  t^uitrier,  anJ  hi*      ■---'-  -'     ,    i,(Hj, 

A  Work  ihas  tidilt  or  i  -i  be 

miiffere'l  to  die.  aud -r.  .    ,    ihls 

tliird  bilUtoa  fioui  (bv  rut  u  in  >!  lt.  b  ii  i  ikx  i»tiir 
lixs  bf  HQ  arduuuo.ati  ihe  very  jireiil  uuiiiber  of  Hcldl- 
li(ili»  brrtfktftHa  with  hi*  ioittal  ivDitry.  Vuder 
itt*  rdilorAhip  whUb  the  third  edlllon  Huk  Aujoy<-d, 
iU«  Work  l»  Dorv  to  •uMaia  Ua  (tovd  repulaltou,  nui 
lu  mtilDiiilu  Its  atefuiueaa. — A',  i'.  Mf.u.Jouru.,  Jiiu. 
ISSl. 

There  la  really  ao  work  which  approaches  U  in 

iidntJlicH  'II  111  111"  iv>uiif.  of  tiie  m'uerai  praetliioaer, 
n^lill'  (110 not  rime  from 

u  i"  11  having  added 

■   ni..r,  lir.  hull, 
!im«  hAck. 
'  WelU  «re 
.  1-1  so  maeh 
friudiitimtr^  Jmu 


10  I 
Wi.i 


II) 

uimr.  ,  _      I 
bitvo  addvU 
JSSl. 


ila    XAi\ic.—Jl 


^' 


JETTLF.SIUP  [EDWARD),  F.R.C.S., 

Offhthaliuic Stiro.  find  L'ct.  «n  Ojihth.  Sut(/  at  St.  Thorn ag'  ITnfrpI tat,  London, 

MANUAL   OF    OPHTHALMIC    MEDICINE.     In  one  royal  12mo. 

Tulame  of  over  850  pBge»,  with  8V  illustrations.  Cloth,  $2.  {Jutt  Ittittd.) 
The  aatbtir  la  to  be  ouDttraiaiuied  upou  the  very  iDforinalioa  tbey  coatala.  We  do  not  healtate  to 
•Uecetaftil  mauaer  la  whkh  be  Uaaaccomylliihed  hta  |  proaoaucoMr  Mettjpahip'i  book  ifai)  hfiHi  io»Doal  oa 
taak ;  be  hkt  eacceedod  la  beiciji  coacioo  wilhoat  |  uphlbaliulc  «ui't;ety  for  ibe  Que  ot  a|«ileal*  aad 
aaertHcIng  slearaea'>.  and,  loclndlog  the  whole  i  "  baey  praotitiooar*"  with  whieb  we  ara  acqaalB' 
frooad  covered  by  more  Tnltimlaottfi  texl-booka,  tad.— .4m. /our.  Jfaii.  8ofaiice#,  April,  IflSO, 
baa  given  an  exoelleat  ritumt  of  all  the  practical  I 


c- 


ARTER  {R.  BRUDENELL),  F.R.C.S., 

tjpUttnUmu'  Surgton  to  St.  O^orfft'a  Uu*jjilai,*te. 

A  PRACTICAL  TREATISE  ON  DISEASES  OF  THE  EYE.   Edit- 

ed,  with  test-typei  and  Additions,  by  Joan  Gnaaii,  M.D.  (of  St.  Louis,  Mo.).    In  one 
bandaome  octavo  voiame  of  aboat  600  pager,  and  124illa8tratioBa.   Olotb,  (3  75. 

*ROWXE  [EDGAR  A.), 

Jturp«ron  to  the  Livfrpnol  En*  ati't  Bar  Infirmary ,  andtothf  DUtpmiaryfor  Hldn  Diaeattt, 

HOW  TO  USE  THE  OPHTHALMOSCOPE,    lieing  Elementary  In- 

ttruetionsin  Ophthalmoscopy, arranged  forthe  Use  of  Stodenti:.    ^Kltb  lbirty-!lveillagtr»> 
tiouB,     In  one  amall  volitee  royal  12mo.  of  120  pagea  :  cloth,  $1. 


LAITRBSCE'S    HANDT-BOOK    OF   OPHTHALMIC 

i,„...i.-v   for  the  01^  of  fraciltioaeri.    Second 

lied  and   enlarged.     With   Damerooa 

in  one  vary  baadaooie  oetavo  vol- 

.SBASKB,  INJURIES,  Aitn  MAI.- 
THK  KEOTCM   AND    AKP6: 
run  r^riiTk"  uo  M&Mtual  OoofttpHtluD.    Second 
^A'anrteao,  from  the  Koarihaod  eDlarg<*d  London 
l4t(iaa      With  lllnatratloaa.    Id  oae  Svo.  vol.  of 
II  ytHTM.eloth.tSao.  I 


LAW80»'9  IS  JURIES  TO  THE  BTE.  CEBIT 
ACID  8TEMDS:  their  Immndltite  and  Kamota 
^ffecta  With  aboitt  ooe  handred  lllaalrdttoua. 
Iq  ooa  very  bandboine  octavo  voiame,  olotb 
♦.1  flfl  ' 

BARUENTOfi  BANUAtilKa  ANDOTHER  OPERA. 
TUi>8  0PMKNi>RbDR0Eh?.  »ew  edition,  with 
aa  «ddJtloaalchapisr  un  JMiltiary  tiargery.  One 
12aio.  vol.  ol;ib:»i)ag9e  vllblBt  wood-eate.  Clolb, 
|17A. 


nUKNETT  (CHARLES  H.),  MA  ,M.D., 

■*-*  Aur.ilSurg  f  t\*  PreJ>fi   Hojtp.,  Bnrff«<tn'(n->  ttarffr  n/tk^fn^r./orDU  a/  th*  gar,  PHtl^. 

THK    EAR.  ITS    ANATOMY.   PHYSIOLOGY  AND     DISEASES. 

'     A  Praotioal  Tre»tig«  for  the  Us«  of  M»dirs1  8iudentF  knd  Praotitionern      lo  onr  hatid- 

■ome  octtrc  Tohunt^  of  fi  I  &  pages,  with  eigbtj-tev«n  illuktratioiK  :  olotb,  $4  6U  ^  IrAther, 

t5  50  :   half  RusHtn,  9A   00. 

Vorvmofi  «ii)i)D$  ibe   i>titueroD«  rcceni  eootribn- i  ibeobMrratluoK  »od  dlacoTcrlM  of  oibrra,  b«*  pro* 

t1»o«  I't  anrii  lit>riitur<  will  br  ranked  lbj«  work     daoad  m  w.trli  wbleb,  a*  >  lavt-Sook,  il»tti*  /"etU 

of  Dr.   BurDati       II    ir  linp"»i>>bl«  to    dojar-ltc*    i.i     ;<rtJierj.*  lu  oor  t*n|<m«g«,     W*  bud  tn»(k»d  •vrara.l 

lhl«  Tolutnw  of  oTur  fM)  v-g^i  Id  »  D#ce-»ttf  lly  brief  |  p»>sag««  »»  w«ll  wor.bf  of  qooiKltou  kvd  th»  antii- 

Butloa.     It  mo't  •ufliu*  to  add  Ibiit  the  book  U  pro- i  (loo  orihegeneral  prKctlliooer,  lint  Ibiilr  Danbtraad 

fuiicly  and  accnraivly  till*' ralsd,  the  refereocea  are  .  i  be  apace  »(  oar  ouuiniaod  fnrhld.     P«rhapali  It  i^i 


C.ioaclentituHljr  »cknowleds*d.  while  the  ranuli  hat 
bppQ  t<i  produce  a  IreatUe  whtcb  will  hearefurlb 
raak  wllb  'be  claaKio  wrillaga  (if  Wilde  Bod  Van 
Tr6ll8cb. — TA«  tond.  I'rarl'ti'rner,  May,  1879. 

(>u  aceoanlof  ibe  great  advance*  which  have  b*en 
mode  of  late  ynarain  otology,  nud  of  tb#  tacreaocil 
lii(«roi>t  maiiKexied  ta  li,  ibeoiedlrsl  profenxiun  will 
wmIouiiih  lbk»new  work,  whleli  pre»eulk  clearly  aod 
concisely  lt»  present  axpecl  wblUI  elearly  ladl- 
CKiiog  the  diievltoQ  In  whleli  further  recearihea  can 
be  ni>i«t  prnftiabty  carried  on.  L>i.  Barn  it  rtoin  hlh 
own   tnatnred  azperlene*,  and  aralllng  bim>ali  of 


(«r,  aa  the  book  ought  to  bv  In  the  hand*  of  everf 
medical  atodeot,  and  li«  <tady  will  w»li  repay  ib« 
baay  praelllloner  Is  lh«  pl«aauie  be  will  derlr«  froa 
the  agreeable  styla  In  whicb  mauy  uib<?rwUe  dry 
and  moKrly  nnknown  lobjocia  »r«  iraatcd  To  iba 
xpeclallal  the  work  I*  of  the  bighvat  tmIq*.  aod  hla 
■eoae  of  gratttade  to  Ur  HuroeLl  will  we  h-p*  ba 
proportionate  lo  ibe  femuonl  of  baoeflt  i  •  caa  ubiela 
froiu  ibe  oaretnl  atiidy  of  the  book,  and  a  ri>D>taat 
rafareoce  to  ll*  trnaiworiby  page*. — Kdit^u  pk 
V«(i.  j0Hr.,  Aug.  1678. 


rPA  VLOR  {ALFRED    S.),  M.D., 

^  Ltelurar  on  Jfad.  Jurirp.  and  C hemintry  tn  0«y'«  HogpUal. 

A  MANUAL  OF    MEDICAL  JURISPRUDENCE.     Elj^hth  Atner 

can  edition.  Thoroughly  revised  and  rewritten.  Edited  by  Juuii  J  RbiSiik,  AID..  Prif 
ol  Med.  Juriap.  and  Toxioul.igy  m  ihe  Univ.  oi  Penti.  lounelarpe  miavn  volvnaof 
V'.Vi  pages,  wilb  70  ill'-titialiung.  CiuLh,  f&;  leather,  $6j  half  Kua«im,  rai»«d  basdt. 
$6  60.      {Lately  Itiued.) 

The  Amvfiean  editlooa  of  ible  atandard  maosal  la  lo  announce,  not  crlllclia  the  cumplalad  kaak.  Tba 
have  for  a  loo.'  time  laid  cUlttt  lo  the  a'tenlloo  of  ^  raloe  or  th<<  gam  is  too  wall  known  lo  rvqni  a  woia 
lh«  prufeaaloo  in  thU  coODtry ;  »Dd  ihai  the  profe*-  than  the  telllog  .hat  the  Utatar-haad  ba*  xbrifki- 
•Ion  baa  Tecogn.z<>d  thU  claim  with  faror  It  proven  eufd  tia  lac«t»  add  poluhed  ilaaugle*  ber'>rei«aviaf 
by  the  call  for  freqai^ut  new  edl'looa  of  the  work.  U  aa  hia  legacy  to  b  ■  brethren  in  ih*  prot«a«tue-— 
Thif  OH'*,  the  eighth,  eoiuea  belorp  na  aa  amhiulyiog  Plitla  M^'t.  Tlnna,  Dae.  4,  ItiM). 
lhelat..lth..oghu  »odemendail..o.or  Dr.T.yl.r.  ;  n  .m  ,„ffl  .,  ,^  „„,,fc  ,b.,  t^i,  »,,  ^jlUo. 
upon  ihaaubject  to  which  ho  da»o  ed  hlj  life,  with  ,  .^ow*  the  «ua.  ofjail^oa.  r.»l«loo  A  araai  oB- 
at>  a.aldQlty  aud  tQceiw*  wbUh  made  Muj  /«<;./<  i  h«r  of  il  a,tfaii»*  m«dieo-iefal  eaae^  whicu  h..*. 
,.rin'^,  among  Engllab  writer,  on  medlo.UorU  '  oecnrred  alnoe  the  la«i  edU.on  »a.  pu  ll.h.d  ate 
prud.»nce.  Both  toe  author  and  the  book  hare  j  j,^,j  ,„  ^elr  proper  c*uaeetlou.  and  add  lu  .rh  to 
m.d^  a  mark  loi  d*ep  to  be  atfejl^d  by  erIlloiMO.  ,  tu.tatere.l  aad  r.lae  of  the  work,  they  couipr^M 
wi.elher  it  be  cenaara  or  pralae.  In  Ihl.  oa.e,  how-  j^,  t,,,,^  „f  ,^,  .ddiUon.  to  the  te«i.  A.  an  iZlit*. 
aver,  we  .hould  only  h»r.  to  aeek  for  laudatory  tion  of  the  ra.hnM  of  the  work,  we  aotlc.  o  .mar- 
l«xm^.- Am.  J'UTH.  »f  M«l  Set.,  Jan    1S8I.  „^^  rafarance*  lo  medic  .leiral  exp«.i»uco  th.t  ha* 

ll  la  not  very  often  that  a  m  -dlcil  book  reacbaa  Ita  tranaplred  during  tbe  /oar  Ju<t  «udnl  ,  aiuung  tbee* 
tetilh  edition,  or  that  Ibe  la»t  earthly  labor  l«  per- I  u  a  eoimnvai  by  the  Aiowrioatt  edito  u.'ou  ibat 
funned  by  iba  author  in  roioachiag  the  work  chat  loldxnionKir  m4dae«v  tbe  Tinner  f.t<iiBg  ezploi  of 
Ural  came  from  bti  band  ihlriy-fire  yeitra  before.  ia«t  Augi«t.  lu  ihete  f<-«tiire«  and  ta  uibara  ittara 
All  Ihl*,  however,  baa  h.ip|>«ned  \i  tbeea-eof  Dr.  |  !•  ainpla  evidence  that  Ihia  adinirabia  buok  wUl 
Taylor  and  nla  elat-iieal  ireaiUe.  The  pan  dropped  i  matutaln  Iti  ht<h  puoe  a*  a  atandard  aiiikuniy  eva- 
from  lb«  graap  only  when  the  -bad -w*  of  old  <ge  I  ooroloj  (b*  uit'.leri  if  wM«lt  It  '  raaia. -ilu«<«B 
wore  rapidly  de>p«oUg  Id|o  ibe  d Ticuex 'if  deain.  '  St-d  utd  Strg  /uaritat,  Jma.  IS,  IMI. 
Under  tbeciroainaiaace*. alt  tbe  joarualial  haa  to  do  | 


B. 


>r  TUB  HA  Mi.  AVTUOR. 

TUE  PRINCIPLES  AND  PRACTICE  OF  MEDICAL  JURISPRU- 

1>KNCE.     SeooDu  Edition,  Keviaed,  wilb  aaioerout!  IlJuslraltuna.    In  iwo  larg*  ootBTO 
voiuiues.  cloth,  $10  00     lentber,  f  13  00 
Thi.«  great  work  in  now  recugnised  in  Engluoa  sj  lh«  fulleiitADdmofltaiithoriiaiiTeirealiaaaa 
every  drparliueiit  uf  its  iiDportmui  Mubject     In  lajiog  il,  in  ita  ieaproved  form,  beloretb*  Amer- 
lc;in  prof«J>Bion.  the  pnbliiihere  trust  that  i(  will  luiaoiiie  tb«  lame  poaition  io  thia  ooaatry 

,Y  THU  SAUB  AUTHOR. 

POISONS  IN  RELATION  TO  MEDICAL  JURISPKUDENi'E  A^D 

MEDICINE.    Third  American,  from  the  Tbird  and  Kevined  Eugliah  Jtdition.     In  on* 
iarge  ootaro  voltiisa  of  660  pngee  ;  ototb,  tb  60  ;  leather,  $6  50. 
The  prevent  ta  baned  apun  tbe  iwu  pravioa*  edi- ,  being  deacrlbed  which  give  rlae  to  legal tavcaiigt* 
Itona;  ■batlfaeeompiaieievlatuo  rendered  naeaaaary  |  ilona.  —  TAx  uVtnle,  ?toT.  tl,  Ih/A. 

bytimebBaeoovertedlllnioa  uew  work."     Tbia  j       Dr.  Taylor  h*>  broOgbl  to  be«r  .,„,  l-.- c.m..-na.l«B 
atateuienlfrom  »be  preface  oontalu^  all  that  It  lade-    „,  i^l.  vlluma   atorea  ol  Uarr;  .  od 

alrad  to  know  in  reference  to  IheQ^we.imgn      The  [  „^,         ,^',..„„,^„h  „ ,.  ,  ,., 

work,  of  thi.  author  ar«  a  ready  in  .h.  library  of    »  j  ,^^^  ^,^^,  „,i        , 

every  phy^lcien  wb«  ta  liable  lo  hecalled  upon  for         -  ,„„,j  „,„  ImaMed  or  i.U.«t.J 


B^ 


Henbt  C.  Lea'b  Son  &  Ca'a  Publioationb— (Suryery). 
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fJOLMES  [TIMOTHY),  M.A., 

•*-*■  Strgron  nn'i  Lrctu.r«r  £»•»  8itrg»'ry  tU  8f.  ff*<irg*'»  HnMpUnl,  tn^^im.. 

A  SYSTEM  OF  SURJEKY;  THEOHETICAL  AND  PRACTICAL. 

In  Trratinks  bt  various  ahthors.      Amkricah  EDirioif,  TMoHotiauLY  hkvikkd  ado 

ne  KDiTRD  b\  JoHR  U   PACKARD.  M.D..  SuTgeoD  U)  the  B|>i>copi»l  »nd  SI  .Tnfiflph  >  llttfpU 

tiil».  Fhiladrlpbia,  nasioied  bjr  t»  Urfte  corps  of  that  m<>«t  «raineni  AiD>r)t-nn  fturgron).     In 

three  litrge  ahd  very  hnndnonie  irnprrini  <ie»*»o  Tolumeiiof  over  IfXJO  P'»<t*«  »nob,  wilh  over 

lOilU  illujtrationf  on  wood  and  thirt«en  ltih<-groph  e  pUt»v.  beitutifuily  oolnr«d.     {^id 

only  hy   tuixerif/tioa)     I'lice  prr  voluin«,   in  cloth,    $5  00;   in   leather.    97  <MI ,   in   hklf 

RuoaiA,  ST  fil>-     Per  irt,  in  cloth.  $18  00  ,  in  leather,  $21  00;  in  hitif  t  ufdia,  $22  fiO. 

^OLCME  I     (mo'O  read^)   contains   Urhrhal    PATUOi-oer,    MoaaiD    Prdckssk*.  Ixjlrikb  tit 

iJknbral,  Cohplicatioxs  or  iNJUsitit  aud  Ihjurirs  or  Rro<ows. 

ToLUHB  II.    (Moeo  ready)  contains  DikaASis  ur  Oroakb  or   KrKCiAL   Sbkbb,  Circqi^aturt 

Systbh,  DtaBSTivB  Tract  and  ORNtTooRiKiARi  OROAiira. 
ToLUMB  III.  (JHtt  ready)  contiiiot  Disbabks  or  trx  RBsriRATonr  Owoam.  Borbb,  Join*, 

AHD    MttSCLBS,    DUBASKS   OF   TBI    NkRVUOS    StRTRM.    Gl'OBIIOT    WoUttPB.    OPRRAI'irB    ASD 

Minor  SUBOBRr,  asd  MibcbllaMBOOB  Subjrctb  (locladini;  an  etmy  on  HosriTAl.s). 

This  grrat  work,  i»i>ued  come  jeari  ilnoe  in  Rnglund,  ha*  won  snob  UDtv<>rB«l  cnD8den<'R 
wliereTcr  the  |iinguuf;e  is  spoken,  tbat  its  republication  beie.  in  n  form  mure  thuruU|if hi/ 
»d«pl«d  to  the  wants  of  the  Aiserioan  prnetitioner,  has  teemed  to  be  a  dntjr  ow  ng  to  the  pro- 
f«saion, 

To  Bcoomptish  ibis,  the  aid  has  been  loTited  ofthirtj- three  nf  the  most  dlttiD|rui>hed  gentle, 
men.  in  every  port  ot  the  eoontry.  and  or  nmre  than  «  yenr  they  b^re  he^n  a»siduciu»ly  engsgel 
upitn  the  ln(>k  Though  the  ongirtnl  work  prerenls  the  cotntxDed  Ittbor  of  the  uiixl  eiuiiimt 
Diriitliert  ot  all  itte  most  prumiiieiit  :ichuola  uf  bngland.  yrt  the  l»pie  »f  time  since  the  upprnr' 
•  noe  *.if  the  Isst  edition,  the  progress  ol  reienoe,  and  t-e  pecniiariiies  <<f  AinerioHn  pra  tioe, 
httve  rendered  nece^rary  a  most  oarefol,  ihurougb,  and  setirahing  rrfision.  Boeb  article  h;»i 
been  plsc«-d  in  the  hstnds  of  a  gentleiuan  specially  competent  lo  trnnt  Hm  sabjecl.  and  tt"  labor 
boj  breti  !i]«tred  to  biing  vach  one  up  to  the  loreiilo.ot  lerel  of  the  liiurii.  and  (o  ndapl  it  lh<>r 
oughly  t«j  tlie  pr.'Otice  of  the  country  In  certiiiii  cires.  thii-  him  rendered  ceceMary  the  lub- 
stitutinn  ol  an  ent  rely  new  ei>i<ay  for  the  original,  as  in  the  ctise  of  the  urlicle^  on  Skin  UiscNres, 
and  on  Diseiiites  of  the  AbNorbent  Syst>  m,  where  the  Yiew<i  uf  (be  outh>-rs  hitve  bean  saperseiied 
by  ih<<  advance  of  niedioiil  Mience,  and  new  art'cles  bave  Ibrrefore  b»en  prepared  by  Drs.  AhTHtiit 
Va*  iJAKLl?(ORl<  and  8  «. .  Bi'<«RT,  rerpeo'lvely.  8uiilso  in  the  ciise  of  A  iis»iitbelioi.  in  the  use 
of  which  American  pruoiice  difi'ers  Iruui  that  of  UngJund,  the  oiiginol  hti*  bren  supplementrd 
with  a  new  ei*(uy  by  J.  C.  Rkkvr,  M  D.,  treating  nut  only  •  f  lue  einployiuent  of  elh.r  and 
ahlorofurui.  bm  u[  the  utber  ttOu?«>hetic  agents  of  mora  recent  discovery.  The  suuie  oarelul 
nd  oonfcionli  us  revision  has  been  purrued  ihroughoat,  1  admg  to  an  iocre.«se  of  oearly  one. 

irtb  in  matter,  while  the  series  of  illustrations   hik>  been   in»ro  thnn  douMed,  and  the  whol« 

presented  as  a  complete  exp  >nent  of  British  and  Aoierii-ali  Surgery,  adupted  to  the  daily 
sv<i«  of  ibe  working  practitioner 

Xn  order  to  bring  il  within  the  reach  of  every  member  of  the  profession,  the  five  Tolumes  of 
the  original  hnve  been  compressed  into  three,  oy  «mplnying  a  douule-oolamned  imperiHl  octavo 
»age,  nnd  in  this  improved  form  it  is  offered  at  less  than  one  half  the  price  of  the  original       It 

beauiil'ully  printed  on  haodsi<me  laid  paper  and  form*  a  worthy  cotnpanion  to  Kbtsolds'B 

tSrvTrii  or  Mkoicirb,''  which  has  met  with  so  much  favor  in  every  seciion  uf  the  country. 

The  work  will  b«  sold  by  subsonptiun  only,  and  in  due  time  every  member  of  the  pru(««s<OD 
will  be  called  upon  and  offered  bd  opportunity  to  subscribe. 

tt  I*  a  tiibjeei  tvt  cootsraiais  kua  that  (lie  !<)«>  <>i  luUd  and  •ubstaallal.aad  a  valuable  addittoa  lorba 
aa  AmericHO  editloa.  loourpornilog  ell  rvceDllr  so-  |  library  ufaay  medlcsi  man.  it  i*  mure  wieldjr  aud 
paired  koowlcdgeaDdeiptirieave,  •buulit  aavebsen  more  aaefnl  iliao  tlie  Uve  rolome  Koglisb  ndiiluu; 
•woeelved.  sod  it*  eaeeattoa  I  nirO'ted  to  tuob  »l>le  \  and  wiib  Us  eumpaoiob  w  .rk — "  Uey  uxid*'*  t4y*t«ni 


kands  a»  l'»ckaid'i     The  aaiue*  vt  cusdjuiui*  la 

»|lte  edltiuD  ol  tbe  l«l  vtilanie.  wbieb  b»B  cume  to 

{feaad,  alfMrd  a  Kulllcieal  gaaraolee  t    at  tbe  w^irk  baa 

lu<  only  bi-sa  bi-oiigbt  (^Uj  up  lo  date,  bat  aUu  ih-.i 

baa  b«ea  aceompll»h«<t  In  tbat  large,  tborungh, 

Md  •claiitlfle  aptrii  wtlch  churBCierijed  lb*  cobirl- 

ss  to  tbe  orlgiunl   edliloa. — vuia.  Jourft,   u/ 

HBeitiure.  Kov.  l^&l. 

sft  beeo  ib«  golds  sod  CfiaDsellor  of  maoy  a 
srplaKsd  pbyaloUu,  auil,  apua  Itie  wb^is,  b*« 
ivea  lltelf  a*  bel^ffill  ao  adTl*er  »a  eonid  be  de. 
lad  Tbe  Anierlcau  revlafra  hare  added  larseiy 
lo  I  lie  oilgiiiat  lexi,  nod.  for  ili«  moai  p«ri,  ba*» 
•  uliaoced  tt*  ralu«.  Wo  ii«aSiiIy  oommauU  II  lu  uar 
reader*,  4ad  tbauk  the  eDler^>rii>lag  pnbllkbaia  for 
(be  liaDd>oDie  Way  ibe  voiiiioe  ba«  beeo  brooglil 
eol.— A^.  I'riruhHa  Mii.  i/»«<t>«  ,  Sepi    ISiil. 

Tbe  aattior*  of  (be  oilgLual  Kngllah  editloa  are 
■lea  of  ibit  friiot  raok  lu  hasland,  and  Dr  t'ackard 
baa  beeo  f>riauale  lu  seouriDg  a>  bla  Alu>  llvaa  eu 
•djalur*  auch  mtu  an  bariho  uw,  H/de,  lluoi,  Ct»a- 
B«r.  Slluouu,  Murt.,D,  Ujtlgau,  Jewell,  and  iheli 
•Olleagoes  Tbey  ba>«  revttetl  »ad  added  to  all  Ibe 
killckea  «srepl  ibree,  wljicb  were  luosd  so  OMup  alt 
I  n<j|  tu  reqaire  auy  addliluns  Tbe  oew  mailer 
trl««  eooatuerab  y  id  ainuaai  aod  eb«rae(«r,  but  U 
Slwayajucilciou  nuU  u-«lal.  lO  •oUio  laoi-a  It  .a  r«ry 
ptlighi,  Willie  to  o  bar."  tbe  addlil<>a*  are  la.ge  ib 
sianaDl  aud  radicnl  lo  cbaracier.  A*  a  who  > ,  tb* 
rork.  li  we  iub>  judge  bj  tbia  Orel  vulame,  will  b« 


Ktt  Medlelue"— Will  wall  iapre«eDt  tbe  prr>*al  aiate 
v(  oar  aeleac*.  One  wbu  u  aiulliar  Wilb  ib'>*e  two 
Witrka  will  b«  Fairly  well  farambed  bead  wlie  aud 
baud  wtae.  — r^  Mrdieal  A'te*,  Jaa.  7.  l»!li, 

(Iieat  ersdil  U  dae  lo  tbe  Amerl«^aB  editor  aod  bis 
colaborera  fur  railaiog  and  brloglog  willilu  e*»y 
teaob  i>(  AaierlcsD  aurgeuaa,  a  work  w<  lob  baa  b««a 
racelved  wlifanacb  uoirertal  lavoroo  tba  o.her  iid* 
of  tbe  Ailaotlc  oa  Holroaa'a  bysioiu  ul  :iutge*y  la 
the  lilt  of  EagU'li  cuoirlbuiura  lo  tbe  Oral  volame, 
we  Hod  ibe  oamea  of  aaeb  wellkaowu  aorge.tna  *» 
6>r  Jamea  fagai,  Mliuwu.  H<t  r.ri  T  r'«  l>ib<I,.r  Karvlay, 
aod  •>liiara*4|>ially  .1  -ugibe 

Aineilcaa  reTi«er>  ».  •^eiab- 

ttty.     Wlib  regard  t  uluo  -jt 

ih-<  work.,  Deliiiai  paic*  u-Jt  oi^u<.y  ttuui  lu  bare 
be«u  xpared  by  lb«  i^abltabar*  — /'at/ii.  Jfeif.  uatd 
Surff.  M'porl*r,  iMpI    U,  l»»l, 

la  ifae  revUlne  of  the  wvik  for  lb*  Amerlestn  edt* 
luu,  aoi  au)y  baa  ptorisloo  been   rasda  for  a  raeug.- 
al.lua  of  Ibe  advanraa  tuade  In  'lar  kiiv^  ..i..-  .i.-r- 
tug  IDe  lau  yeaia  •lui.-e  II*  Srx  publit'*' 
lur  a  pre>eoiBlion  at  llie  var  atlon-  to  yr  u 

tibaraeteilitf    Amer  ci>n  aorK«iy,  and  Jl (......   ,( 

■  r<>iu  ibai  uf  Ureal  brlials  'I  ha  work  la  uio  wbieb 
we  lake  plaa-urc  lu  c  iiiu)«Qdlug  lu  tb*  uuliceuf  our 
.easier*  a*  aa  eucjriiupiedla  >  (  •urglual  ka<jWimge 
>ail  practivw  ~ttt.  Lvun  Ouurtr  <«/  JfaitAins,  Aur. 
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Henet  C.  Lka's  Son  k  Co/s  Publications — (Ophthalmology).      S9 


yf^ELLS  (J.SOELBEKG), 
A  TREATISE  ON    DISEASES  OF  THE  EYE.    Thinl  AmerfCRn, 

from  the  Third  Loudon  EJitioo.  Tbnroufrhly  rert'ed,  witb  copion*  iid<1l(ii>n»,  bj  Chax. 
S.  linll,  M  I>. .  Surgeon  itnii  Pfttbiili<gii>i  lo  the  Nrw  Vork  Rye  >kti(l  Ear  IriArrnnry.  Illus< 
trat*d  with  about  2ol>  engravings  on  wood,  and  -tis  colored  pliitea  T«^ethrr  with  nelec- 
tion»  from  the  Te&l't>-(jcd  ol  Jaeger  »nd  .Snatlon.  In  one  i*r}^«  and  vary  handnimo 
oetavo  volume  uf  ilOO  (iuge>.     Cloth,  f&;  leather,  $0;   half  Ruwtiiit,  raised  bnnds,  $4  dO. 

The  long-contlnned  !lloe««  of  tba  kutbor,  with  ita  fiital  termination,  biu  kepi  thii  work  for 
Bome  lime  out  uf  print,  and  ha*  deprired  it  of  the  ndrantnge  of  the  revision  wbteb  ha  louftht 
lu  give  it  during  tbe  last  ^ear*  of  hi •  life.     Thin  editinn  hns  therefore  been  plii"e<1  irndpr  the 
riliii.iial  Kuperviiiion  of  Dr.  Bull,  who  h.-w  Inbored  earneflly  to  introduce  in  It       ' 
Trlij  h  obserrntion  and  experience  hnvc  ucnuired  for  the  theory  and  |.'riu'lice  <■! 

j  II. ce  iLe  app»furano«*  uf  tbe  last  revision.     Tn  accoinplieh  thi-',  con^idrruble  arlili .   -  -    .; 

ret^nired,  uud  the  WDrk  in  now  presented  in  the  eiiitGdent'e  thai  it  will  fully  dest-rve  u  contina- 
khca  of  the  very  marked  favor  with  which  it  ha«  btLhrrto  ba«n  greeted  Ai  a  ciimplele,  but  ooo- 
ei»«,  Fspngtiion  of  tha  prinfii  '■  ' '  •($  of  ii«  tuiporlant  department  of  (De<lioiil  'oience. 

The  udditioDK  made  in   i  Atnerienn  edition*  b^  Dr    Hay*  liuve   Keen   retainadi 

Including  tbe  rerjr  full  seritj  ..  ...^.  naUous  ond  tbe  teet-typei  of  Jaeger  and  Snellen. 

TbI*  bew  eitltloo  of  Dr.  Well*'*  greftt  wnrk  ao  the  ,  guft^.  la  tlie  (eoond  edliloa,  the  aulhor  (bowed 
«y.r  will  1i^  witlC'iroed  by  ue  prot^naloa  k.t  Uij[e  »>  '  Hi'lii'^lriixi'  rMHiircli  \n  ,..M\nr  nrw  nmtpfis-  rmnj 
i>«Ii  A«  b7  Ike  ifcallsl     Itcoctalnituiuili  unw  in 'C'  :    ' 

retrtituif  to  Irentiiifiut  and  jialb'ilogy,  mid  !•  br<  lu 
t!.''ii'M.'l>lT  up  with  tfct*   ytf-tn'.   .i»rfi«  "f  i<f»lii». - 


I  rRatl«e  on  dlMSteit  of  lb« 

'  lly  uckDi>irl<»d#cd.  nod  «tn 
*!•  utui.Lu  lo  il;  v>  it'j  inotvm*  li>  hute  glvra  any  at- 
leoiiun  lo  o|ihtbalinl(3  iur;;ery,  that  aoy  JiHcatJiioo 
of  ihi-m  «H  this  l«^^  il.iv  wi;i  b,-  ,i  n-i.iU  .  r  ■  liii  irT" 
gaUvo.  V«f  jr  mil 
seat  ovhttiNlnilr  h 
»u.J    'lif    Idled   Aoj'  , 

'*x(-b.i..>k  oil  u^hiy  lisi  :liL< 

.  ^ibK  (iritfliif  1  :ilie«i  a  rival. 

-    -  1.  •</ M>4.S-  \  .  I, 

Thr  work  has  Ju»tly  held  a  htgh  place  In  Bnj1l*b 
opktlialniic  llloraturo,  nod  at  tbi<  timi!  of  )l»  Bral  ap> 
j>«iir4ii«r  wa«  ihe  bent  ireail^e  of  tu  kind  lo  tb»  l«n- 


llie  wurV. 
to  mtklDt.' 
I  KM. 
Tli«Te  It  really  oo  wvrk  which  approaebea  it  >a 

•iL.  iiMli  111  !.■  Ill"  «  Muik  of  t'U-'  iou>  ra(  III4I  iitl.'iirr. 


ba«t>  *titiod  i<i  1(»  Vdkiu«-— .^«M.  ^'ra<4Utuwi 
1881. 


m-f  Jan. 


\rETTLKSHIP  {ED  WARD),  F.R,C.S.. 

-*- '  OpHtKalmiaSvra.  »n4  Lrei.  on  OpWfc.  IfNr;/    fif  .91    T*i>»n/i#'  BfupUal,  London. 

MANUAL   OF    OPHTHALMIC    MEDiriNK.     Jn  one  royal  ISmo. 

volume  of  over  350  page«,  with  81^  illustrations.     Cloth,  $2.     [Juiil  Itmtd.) 

Tlia  .lutii'T  1,.  to  ba  ouDgraialuUMt  ai'u  .  ibe  v.Ty  l[ifi»rmi>rn>o  llii<y  ciiUiii.  We  do  nat  h««ii«ir  (.> 
I  u  wbicb  bo  bkaaci  i  i        ■  ititok  lb*  b»«i  r, 

.'.eded  lu    b«liig   c  liw   Qite   iif    .•  I 

''.tr,     aod,   locladhi.  ,    i      '  '  ''  '     ''  vkleh  we  hi 

fiMuud   <.ovc(«d   br   iDiire    vnlumlauub  icxt-buuku,  .  UiU -kw. /i/ur.  JfiiU.  £ciirMc««,  April,  iMsu. 

ti*«  (Iveo  as  excelUat  rif%nii  of  all  the  praoitcal  | 

flARTER  (A*.  BRUDENELL),  FRCS,, 
A  IMIACTICAL  TREATISE  ON  DISEASES  OF  THE  EYE.   Edit- 

•di  wilb  teat.(yf««  and  Additions,  by  Jobr  Urbkk,  M.D.  (of  St.  Loniit,  Mo,).     In  one 
bandfome  ouuvo  volame  of  abont  600  p«g«i>,  And  I34illii«tratIoitt.  Oloth,  ft  7ft. 

?R0  WXE  { KDGA  R  A.), 
Surfffon  (o  thu  Hvr-rpool  Eyeanri  Sir  InJIrmtiry,  nniitattir  Dirptntarff/or  SUn  Pinatti. 

HOW  TO  USE  THE  OPHTHALMOSCOPE.    Being  Eicmentar.v  In- 

ilruotionslt)  Ophth»litio«CK>py,  arranged  forthvUee  ofStadent?.    With  thirty . Ave ilfustrft. 
tiont.     In  one^mAU  toliAb*  royal  !!<mo.  oi  12X)  pages  :  olutb,  %\. 


LArRBftCKd!  HANDr-BOOK  OF  OPHTHALMIC 
e)UKl>£.KY,  fur  tbe  o««  of  I'raotitloners.  Beeond 
«4llli>a,  r«Tt««d  and  ealarjitd  Wilb  aomeraoa 
Ulos'r&iloaa.     Id  one  very  baadnosia  octavo  vel- 

—    ,  ...  ja  76. 

rilEDrSBAKKS,  IIYJURTM.  aItoHa: 
•  NS  OK   THE   KBCrTUM  ANO   ARl'- 
wun  rvirinrk*  00  UAt>)IOul  (:>>oi!ltpatlon.    Second 
AOMvrleaB,  from  tb«  Puurlbaod  ealyr|ietl  Londoo  ' 
Sdllloa.    With  llloatratlon*.    In  one 'Svo.  vol.  of! 
18T  p«9«a,  eloi)i,fS90.  I 


LAWSOir-S    15 JURIES   TO    TBI    KTI.    DIBIT 

i2ID  BTEI.1DS;  tbetr  ItDmclIala  and  Beuola 
Elfiiol«.  Viih  abual  una  faaadr*d  lllaalraUoai. 
ta    ona   vary   baod«umM    octavo  Vulujue,  elotk 

;  TON  BANDAai:(a  abj>otbkhupkra- 

^  uFMlliuabDEUkKT.  Xaw  a^MUn,  with 
Au  ^d>litloaalcbapi»r  oa  Uiiitary  6«rg*ry.  Oa« 
13mu.  vol.  olSSSpacai  vithlSi  vood-eata.  Cloib. 
1176. 


30    Hbnry  C.  Lba'8  Son  A  Co.'e  Pubmcatiows— 'CJfeifp  Juri^nulencf). 
nUHNETT  {CHARLES  H.),  MA  ,M.D., 

■*-'  Aur.il  Surff  tv  t/m  Prfh.  Uo/rp.,  8urfftoii-in-iharffr  n/ikrJmJlr./o^Di*  9/ I  K»  tar ,  J*Vtt*. 

THK    EAR.  ITS    ANATOMY.   PIIVSIOLOGY  AND     DISEASKS. 

A  Praotieai  Traatisa  for  tba  U«e  ofMe'liral  Sludent*  »nd  Pra^tilionrr*  Ib  ob^  hiiii> 
inme  ootavo  volume  of  615  pugea,  with  eightj-»eren  itluBtralionB  :  ololb,  S^  51) ,  leaxkrr, 
fd  50;  half  Raimia.  «0  OU. 

yoretnufl  ftinung  >be  Domcroon  recoot  contrlha-  1  Ihe  obBurTklluai  knd  dUooT«rl«a  of  oibm,  li»*  pt*- 
tli>ii>  !•>  »utit.l  lltaritlnri  will  bt-  raokrd  lbt»  work  I  d need  ■  wortt  wblcb ,  ■■  •  t*«t-boab,  «taa4«/'*«ili 
or  Dr.  BurD)«tl      II   l"  lm|>i)-<i>tbln  to    do  }u«(lc*    to  ,  ^irincT-i*  \u  «vr  imiignmg*.     We  l>«ij  ai»rk»4  o*****! 


(bin  votumu  uf  oTsr  t^A'  piig«x  in  >  nvce'-^Brtl;  brl«f 
dmIIc^.  It  mail  ■olflca  to  itdd  ifaiil  tbo  book  Ik  pro- 
fuirtlT'  fttid  «eeariiiely  ttlas'Tkied,  th«  rtt'ttaet*  mr» 
eou*c\»atWu'\y  iirkaow1«df:«d.  wbU«  Iba  ranoll  bat 
b»«o  lo  prodae*  »  IreatUe  which  will  beocafurib 
raak  with  ibe  clai«ie  wrttloga  ot  Wlldn  aod  V'i>n 
TrOUacb.  — TA*  t,ond.  l*rart'U'm^,  May,  187B. 

Ob  nceonat  of  iba  graat  mi  vkDcei>  wbicb  bava  b«an 
nada  or  lalK  y*art  la  otology,  and  of  tbp  iner»a>p<j 
lnt>  rart  n)ttDire«t«d  lu  li,  ib«  medical  prufaioioti  will 
wsloonie  tbivnaw  work,  wbioli  pranaati' clearly  and 
eiiuelaely  U»  pre»«at  a»ppcl  wbiUt  clearly  lodl- 
CAliUi;  tba  dlraciloD  In  wbteU  further  ra»ear>.baH  CkO 
ba  tuimt  proOiahly  enrrlod  oQ.  Or  8arn  ir  rinnt  bU 
owa    matarad  axparlaoea,  and  atalllng  blin»«ll   of 


pa-caiaii  aa  wall  wur.by  of  quoiatioa  aad  iba  tlM^- 
II an  orib«||«)Deral  praftltlonar,  l>t)t  ib<>lr  aaakaraad 
tb««pae«>  at  out  auiniiiaad  foil.id.  Partial'*  h  taiai- 
(ar,  an  tbe  book  oD|;hl  lo  be  In  tb«  haad*  vt  *%tTf 
madlcal  ■tnd<>Dt,  aod  lia  '•lady  wUi  >••'-  xi'^cU 
boay  praoillliiuerla  iba  pl^aaara  !■'  >»• 

the  agracabi*  *tyl»  in   wbteb    mai.  ■   irj 

and  iniiK'ly  ankuuwD  i>atj«aia  •r>' 1  -  tba 

-peclallat  (ba  work  I*  of  Iha  blgh««t  Tain*,  mwi  »>» 
•asiaa  of  graillada  lo  Dr  Baraetl  will  w*  b'>pa  U 
proporlloaate  to  iba  amuuol  of  Wtffli  1  *  4*»  obtait 
from  ihe  oar«ru)  •iiid>  of  iba  Uo(>k.  and  a  rna>{a4i 
rafaraace  to  It*  ituatwortby  pa^va.  —  £<t<»^a  /4 
ir*<l.  Jour.,  Aag.  Ib'S, 


[Jn^ 


fPAVLOR  {ALFRED    8.),M.D.. 

*  trrfiirar  ot*  Jf«rl  Juritip  anct  CKemiitlrv*n  Omj/' »  Bo»pUal , 

A  MANUAL  OF    MKDJCAL  JURISPKUDENCE.     Eighth  AmwT 

CMi  «*iiti<>n.  Thoroughly  rerised  and  rawrillen.  Edited  b>  Jour  J  KaHag.  M  .D,  Pr(< 
of  Melt.  Jari«p  and  T<'XU-ul<>gy  in  iha  Univ.  oi  Penn.  Id  onr>1«rr#  >Ai«rn  rolooiaaf 
0.13  pagan,  with  7(1  ill''»tia(iui»i.  Cloth,  $b;  leatber,  f;  h'^lf  Ku»«iA,  raiaed  baad«. 
$A  60.     (Latft^  Iftufd.} 

The  Ainvrleao  adltlooa  of  ibla  itaodard  maoaal     !•  toannotiDca,  not  orltlclM  tba  complatvd  tvafe.  Tk« 
have  for  a  loa.-  lima  laid  olaliu  lo  Iba  a'lenlloo  >if     raluo  of  tbr  gaia  la  loo  •all  kuowu  lo  rr«|al  a  wara 
Iba  profMkloD  in  ibla  country  ;  Hod  ibai  the  prufc*-     Ihau  (ba  taiUag    hat  tha  mk«lar-ta>ad   ha>«  rebrgh.- 
aloa  ba«  rvoogn.ii^d  tbi«  claim  with  faror  l*  provan     eaad  lla  lactta  a<id  p'>li*b«d  iLaaugl*>a  li«t>.r«  l««ri«| 
by  tbe  call  lor  freqai>at  oewadl'looi  of  Iba  work.    U  a*  hU  laifaer  to  h  a  bralbrra  in   iba  prolaa*loi.— 
ThU  aa«^  lb«  aigbtli,  roruet  balorv  an  ai  aiobrntyiog     Phil<i    M"t.  Titn**,  D««.  4.  IsSO. 
Iha  lal.»l  ihougbt.  andeuiendatli.ui  of  Dr  Tayl.r.  I      u  ^m   ,ulBe    lo    lamark    thai   iltia   d*w   adiUa* 
upon  Iha  lobjeci  to  which  be  defo  ed  blii  life,  with     ^how.  th«  .igJ.  ofju  ililon.  ravulou    A  at^i    bs 
an  aMldaltj  aud   aacec**  which   mada  blia  /a<">*«  I  her  of  ll  a.lraiiva  luadieo-lagal   aaaa«   • 
j.rfn'^pff  amorg  Eagllab  writer*  on  inedleal  JurU   ,  oecorrad   aiacw  tba  lait   adtt.oa  >••  pu 
pnidonee.      Both    tue   author   and   iba    book    b»»a  1  „„gj  j„    ^^t^  propar  ouuaalluu.  aad   ad 
ni<d^  a  mark  too  daap  10  b«  alfe.-l^d  by  ertHcUia,     tba  lotarom  aad  ralua  of  Iba  work;  ibay  1. 
wiiethflrlt  becenaureor  praise.     In  IbUcaBe,  how-    jn,  ^nU  of  liia  addition*  to  tba  leaf .     a.  ai 
#a«r,  we  abould  only  bare  lo  aeek  for    laudatory  .tl.iaoftne   ra*ha<M    .if  ih»>  wofk.  »«  o  .Uc- 
teitn-.-^m. /"urn  0/ J#«d   «<?»..  Jan    1S8I.  I  oaa  refarauea*  10  mo.ll?  -lacal   oai>.'  .1  %•• 

It  l«  not  Ti^ry  oftau  that  a  tn  'dlctl  book  rnaebea  Itt  1  iranaplred  durlag  ii>a  y«ar  ju^i  auJ  ii'aM 

t«iith  adillno.  or  that  tba  laat  carllily  labor  W  par-  'la   a  curniodal   by  tbe    Aiaaricaa    •"!  ta«J 

formed  by  iba  antnor  lo  roioachiag  the  work  that  I  mid^aiamar  in«dae*%  the  r.i.aoer  f^.tia^;  aa^lai  •! 
Brut  came  from  bli  band  iblriy-flre  yaara  before.  ia<t  Aug>»i.  la  tbe«e  f.-aliir<«  and  lu  ocbaia  laari 
All  tbU,  bowerar,  baa  b.ippaaad  ii  tba  ca^e  of  Or.  u  ample  arldenea  that  ibli  adtniialila  buok  will 
Taylor  aad  bia  clattieal  iraaiiae.  The  pae  dropped  laalulala  \l*  bl<h  pUva  a*  a  •laudard  aaihiir>iy  aaa- 
from  the  graap  only  wheo  the  ahad-iwii  of  old  age  c>*raiag  ih<<  iu«'.terii  '»f  whleli  It  1  raai*.  -  Aaffaa 
Ware  rapidly  de»penlagln(o  Iba  d  ^.rKoeaa  of  death.  if*d  anii  8'irg  /uaraoi,  Jan.  13,  )6SI. 
Under  tbeciream»iaac«i>.  all  Iba  ji>aruall»t  ha»  to  do  | 


f>Y  TH8  SAXh.  AUTHOR 

THE  PRINCJPLES  AND  PRACTICE  OF  MEDICAL  JURISPRt- 

DENCE,     SeooDu  Edition,  Kevii«d,  with  aumerour  lUuAlrutiuns.    In  two  l*rgt  <»«lj** 
voluiu«E,  cloth,  SIO  00.  leather.  $12  UO 
Thicgrcai  worit  iaaow  reoogoiced  in  Kuglaniliui  the  fallesi  and  mo»tantborltMfw«ir«aiiM«s 
every  Jeparliuenluf  its  important  Mubject     in  laying  it,  in  ita  improved  form.  b«forr  iha  Aair- 
ican  profMcion.  tbe  publixbetfl  truat  that  it  will  a^flumf  the  aame  position  in  Ihia  ooaDtrj 

jjY  THK  SAUK  AUTHOR.  '  * 

POlSU^ri  liN  RELATION  TO  MEDICAL  JURISPKUDENCE  AND 

MELlClN'li.     Third  Amerionn,  from  the  Third  and  Keriaed  Euglivb  KdiitoD.     Ib  an 
targa  ootavo  volume  of  8aCi  puget ;  «Iotb,  $6  5U  ;  leather,  |6  fiO. 
Tba  preooui  la  banad  upon  tba  1  wm  pi'svloan  adi-    being  deacrtbed  whleb  gira  rla«  10  legal  laf •»>>«•* 
tfonn  ;  'baubeeouipieietarlaiuoreodcred  naeaaaary    llona.  — TAic  Ullnte,  Not.  V,  lti7A. 

by  lima  baa  «ou»erted  tl  luiu  «  tiaw  work."     Tbia        Dr.  Taylor  ba»  bruught  10  bear  n«  ih .  - 

•  talauieni  irom  tbe  prafao^ouniaini' alt  ibal  It  la  da- ' 
■  irad  10  fcoow  In  refereaoe  to  the  acw  8>htioci  The 
work*  of  ihlx  author  ara  atraady  in  ibn  library  of 
at  cry  pby>IClaD  who  la  liable  10  ba  dalled  tipou  for 
luadlco-lagttUeatkuuay  (and  Wbal  net*  aolf).  aolhal 
all  tbat  1*  required  i>i  be  known  about  ibapreaeoi 
book  i»  that  tba  aDtboi  baa  Hapt  )l  abreaat  wlib  tha 
tlini>«.  Wbal  uiakfa  It  uuw,  a*  alway-,  a>pauially 
a«la.i*ile  t>i  the  jffaetlloaer  t>i  U«  coQolteuai»*  ant. 
praotlealoharaetai,ouly  ihoaa  pulauuoutaabataaoaa 


of  thU  vulurna,  alura*  of  Uara  ion 
praatlcai  ai:<{uaiulanea  with  ul*  hu  i 
Oeyoud  wba.  auy  at  bat  Uriug  auit... 

ogy  eould  nave  amaaaed  or  aillia«4         . 

■  naialnvd  bia  rai<ulalloB  by  ibo  4'>n»iiaiinat 

add  legal  acuUaH  ba  ba«  dWplayert 

weoi  ot  Iha  ■ubjeot-iuatter.  Bud  tl^ 

OU  l'i»lanu*  whicii  will  b«indinpeii> 

aaalor  praetlik-iu«i  lu  iaw,%ua  ia<-^ii 

tin  Jeum,  „r  Mti  Be*..  Uat.  1S7A. 
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T>OBERTS  {WILLIAM),  M.D., 

•*■*'  r^etnrtr  on  Mt<tiei»t  in  thf  Mnnehttttr  School  tt/  If Htieitu.  *tt. 

A  PRACTICAL  TREATISE   ON   URINARY  AND  RENAL  DI8. 

BASES,  including  Urinary  Depofitt.  Illustratrd  by  nutnerooB  oasea  «d4  eogrkHngt. 
Fouriti  .-iiufrican,  froui  th«  toarth  Raviged  and  Enlrirgisd  London  Editioa.  Id  OS* 
lurgi  uod  bsndaome  octDTO  Tolnmc.     (Pnyartug.) 

rpHOMPSON  {SIR  HKNRV), 

■^  Surgeon  and  Pnt/tMtor  nf  Clinicrtl  S-nrgtry  to  UntvrrHly  OaHegt  Bn»pUal 

LECTURES  ON  DISEASES  OFTUE  URINARY  ORGANS.  With 

iltustratioDs  on  wood.     Second  American  from  the  Third  Bngilfh  SdilLon.    In  on«  B«at 
ootaTo  volume.     Cloth,  (2  2b. 
DT  VyB  SAUK  AOTHOH  

ON  THE  PATHOLOGY  AND  TREATMENT  OF  STRICTURE  OF 

THE  [JRETBHA  AND  URINARY  PI8TDL«.    With  platei- and  woodcuts.     From  the 
third  and  revisrd  Knglisb  edition.    In  one  very  bandiomo  ootuvo  volnua.  cloth,  {3  6u. 

rpUKE  {DANIEL  RACK),  M  D^,       ' 

.X  Ji>int  author  »f  Tht  Van  iial  */  PtrU^hotogieat  KTtdictn*,  *e. 

ILLUSTRATIONS  OF  THE  INFLUENCE  OF  THE  MIND  UPON 

THE  BODY  IN   HRALTH  AND  DISKA8B.      Designed  t«  illaOrate  the  Actiuo  of  tb« 
Imagination.     In  one  bandioma  octavo  volnme  of  410  page*,  eloth,  $8  26. 

DLANDFORD  {O.  FIELDING) .  M. D.,  F.R. C.P. , 

J-^  hfritirttr  on  Prychologtcn I  MmtU'tHt  at  thr  Schnoi  oj  St.  Otorg*'* HotpUttl,  St. 

INSANITY  AND  ITS  TREATMENT:  LecUirea  on  the  Trejitment, 

Medical  and  Legal,  of  In«ane  Pntienta.     With  a  Summary  of  the  Lawain  force  In  the 
Untied  States  on  the  Confinement  of  the  Insaoe.     By  Isaac  Kay,  M.  D.     In  one  very 
handeome  octavo  volume  of  471  pages;  eloth,  $3  25. 
It  «atl«De>ii  witat  which  moki  fakve  b«eii  aorely    actiuilljr  aeeo  In  prHctieeaod  the  appropriate  ireai- 

ia«DI  (or  Ihem,  we  tDd  in  Dr.  BlkadforilS  wntM  • 
eoailderkb]«  ndvaoceover  |ir«riu4«  wrliiocBon  ■  be 
■  abject.  HI*  picture*  of  ib«  rarloa«  rormi- uf  ucuial 
dlseAiie  are  «u  clfHr  nod  good  that  no  rend*!  can  r»ll 
10  b«>irack  wltbihalr  ttopertorUy  totbo*eglv«o  la 
>idlaAr]r  luauualR  ta  (be  Esglliib  l»utfvmg*  or  (x'fnr 
AS  aar  own  raxdlog  axteadaji  aany  otber. — livndom 
PraeltHontr,  Feb   1871. 


f^ltbytlie  l>u<iy  (eDeralprACtUtonarbaribltiCuajilry. 
It  t«h.ef  cb«  furKi  of  a  inn  aaiil  o  fell  ti  teal  deMrlptloo 
of  the  varloQB  rurm»  uf  lixiADlty,  with  •  deaerlpllon 
of  the  mo<Je  of  examlDtng  perKonii  ioapecied  of  lo- 
aAalty  We  call  piirttcDlikraiteoiioaco  tbU  featnre 
'  Ibf  book,  *«  ft*lDgit  a  UDlqne  valae  to  the  geee- 
il  ^ractliidoer^  IfwepasH  rrum  tbeuratlcAl  ouKlde- 
ktloai  lodeaerlptioniof  thevarietleAor  tnaaDllya* 


fEA  {HENRT  C). 

8UFKIIST1TI0N    AND   FORCE:    ESSAYS   ON   THE   WAGER   OP 

LAW,  THE  WAOER  OF  BATTLE,  THE  ORDEAL  AND  TORTURE.      Third  Rrtised 
ktid    Enlargeil    E>lition.     In  one  bandiome  royal  l2mo.  volume  of  562  pages.     Cloth, 

Tbts  valuiiblA  Wiirk  I*  id  reality  a  ht^lory  of  elvt> ,  more  acearale  than  ellber  of  Ibe  prae«dls|r.  buc, 

from  ibe  ilioroagh  •laboritlloa  la  mora  Itbe  a  bar- 


llaatloa  A*  lulorpreied  by  (be  pr.  (cr«**  of  Jariaprn- 
4eBee  .  .  .  In  "  Saperaiitlon  and  futve"  we  liava 
a  puDoaupblc  Kurvey  of  tbe  Iubk  period  lotervenlaf 
*  »iwe«n  prtinulTe  b«rb.«rliy  *n<t  elvt<lz«d  eollgbt- 
Tlivre  It  not  a  cbapler  In  lb«  work  Ibal 
id  not  be  innit  earefolly  (tadled,  ana  buwerar 
ver>«d  tb«  reader  tuKy  be  \a  tb«  *cleac«  of 
raJ'Qcn,  be  will  fluU  luacb  tu  Mr.  Lea's  vol- 
of  wblcb  be  w^a  prarloiialy  Ignorant.  Tbe 
book  la  A  TAluAble  addiiioo  lo  (be  literature  of 
eoeial  *et«nc«.— H'««(mfn«(«r  RtvUif,  J»a.  ISfW. 

Tue  appearance  of  A  aew  edition  ut  Mr.  Henry  C. 
L«B  4  "soperntllloD  and  Force"  U  a  mgn  Ibat  oar 
aigb«*t  «ciiuiitr>tiip  In  not  witbont  booor  in  ita  at 
ll  re  eoantry.  Ur.  Lea  baa  met  every  freab  deniADd 
for  L(a  work  with  a  careful  rerUlon  of  tl,  and  lb«< 
praauni  aektlun  le  not  only  faller  And,  If  ponalblc. 


mouluui,  e.>ac«ri  and  les»  like  a  bateb  \>(  •tndiea.— 
Th*  Hfiti'tn,  Aug    I,  i!S7B. 

Many  witi  be  tempied  to  aay  Ibit  tbie,  like  the 
"DeeUaoADd  Kali.'  l*«o«  ot  the  aoerttlettable  bouka 
Ita  fads  are  InnutnerAble,  lt»  dud  action*  almt'le  «d4 
Inevitable.  aiiJ  lt«  cttennH^-'I'/rtse  of  refervncee 
brlalllagMud  deaiv  eouugb  to  niakt^  lb*  kF«u«%l, 
•lootesl,  and  b«>l  eaalppsd  antatlaat  think  twioa 
befur*  advauelng  Nor  t«  (h<>re  auytlilug  contra- 
veralallnlt  tu  pruv>ik«  a«*>Ult.  Tbeaiitbur  \*  ao 
piilemlc.  Though  b«  ubvloudy  feel"  and  ililaka 
alroncly,  be  aacceed*  in  ditalnlDg  linpaillailir. 
Whetl  •r  lookad  un  aa  a  pUtnre  ur  a  luli  rur,a  w»rk 
•orb  ax  ibl*  b««  a  liuiiag  ralaa.— Xr^pyrfneoffe 
Jf/i^/ufiac,  Oct.  I87S. 


B' 


'  r  TUB  SAMS  A  UTUOB.  | 

STUDIES  IN  CHURCH  HISTORY.  THE  RISE  OF  THE  TEM- 
PORAL POWER— BKNEFIT  OF  CL8RUY— EXCOMMUNICATION.  In  one  large 
royal  12mo.  volnme  cf  510  pp.;  cloth,  $3  76.     {La'.tij/  Pit&dthed.f 

Tbe  atory  wa*  nevar  told   more  calmly  or  wtib.  laaapaeaUArimportaacefurlbeEngliah  atndea(,aa4 

fTeaterlearatogor  wlaertbuiigfat.  We  d<inbt,  Indeed,  i  U  a  chapter  un  Ancient  Law  likely  lobe  reiiarded  ai 
fanjr  olhMi  atudy  orthU  Held  can  be  cuupared  wtib  flaal,  We  can  hardly  pa*»fr»ai  our  mKotlna  of  «acb 
tbl*  for  clearne«a,  Hcearaey,  and  power. ^OAfeopo  worka  ea  tbaae — wtib  wblcb  thai  un  "'>ac«id<i|e| 
B.r>iwiin^,  b«>c.  1870.  |  C«llb».cv' '  «hi>n1d   h«  I  nnln<lad— wtthna)  aollcie  )k<e 

Mr  Le*'alale«lwork.-<8indleRtBCburcbHlBtory."H»'«fAry  phnnomenon  th*i  'be  h-ad  of  uneof  tb»  Hr.i 
rally  .UMUloe  the  promUe  of  thellr.t.    It  deal,  with  I  »i"-rtcaD  hoii»«.  I.»|i..  ih.«  writer  r.f  .oweof  i|.  rr.o.l 
three   .abjecla— thr  Temporal    P-.wer,   Benefll   of    »'•«>»•' hooka -i,oa<ioa  4f*«a«w«i,  Jaa.  7, 1  S7l 
I  Clergy,  and  Kxeomfflualcattoa,  tha  raaord  of  wblahi 
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INDEX   TO    CATALOOUB. 


Amerlckii  Joaranl  of  tb«  Medte«J  Seienca* 

AllAo'ii  ADttioiay    .    '    . 

AuAiomtcftI  Atl»».  by  Smith  »nd  Uortiar 

•A«l)tiar.Ml'»  Sargery 

Antiion  OD  I  be  Kbccoiii  itod  Aon* 

Atlfi«lil>  CbeuiiMtry 

B.krlr>w'»  Frxeilce  orU«dlr.la«    . 

BArB«»'  Mltlwtfery 

*aiiroe«tiu  t>l»eat>e*of  MTuiueD 

Bitrlkuluw  ou  Elttcirieliy 

BABh*m  '>a  Keoal  Uitsf;i><»»  . 

BalUiuy'ri>iir{icui  Autlvmjr 

BUoiirord  uD  luAHoKy  . 

Blosum't  i:ii«u)\Bi.ry     . 

Bow  til  It  OS  (Jobs  B/)PraeUoftlCbaiauU7 

*Brliiluire'h  I'racttc*       ..... 

Browuv  on  Oph()iitliiio»co[i«  . 

BroWu  oa  (Ijh  Thruut 

•  Bryiu)  h  Hritciicoof  Srirgory    , 

^itaiilrtinad  on  V«OHr«*t 

Bamnt«tid  i»b<J  CaU<<rUr'i AtUbof  Veo«r«ftl 

■BurOL'tl  ua  th«  Ejtr 

^CarpiADtni  H  II  umiin  PhyHl»loi|y 

Cirp«uraronlli«(U«eiiurl  Abuno  of  AlcoboJ 

C)»f  l^r  un  I  he  Kyp 

C^DluryorAmnrlrHti  M»<1lrli»« 

Ch^rlwlrlt  no  1>liieitPe«  „(  W.>ru«D 

Cbittubwrn  00  Diet  .tuJ  Regtiuen  . 

Ctiurcljitlon  ri)«rpariil  FeTvt     . 

CIJii<»ea'*  Cbeuilftlry       ,        .        ,        . 

Olalmid'*  l»>i*«ciuT        .... 

Cl<iw«s' (tlKniiUliy  .... 

Ci>l«iiiiia')-  UeniAl  Satgory    . 

CoDiilw  on  l>l»ea««ii  uf  Children 

Coi>per')<(B.  B. )  L.eclar»ti  oti6ur^' 

*Coralliiod  U4tu*l«r 

Curnll  go  iiyiibllls  .... 

GallerlarV  Atl»A  of  VaoercMl  PU«AMa 

*DhIIoo'«  Unman  i'by>lolvgy  < 

D»Tiii'K  GIlDlcMi  L6riur(>t. 

Drulll'»  Moc|croSai(t»-r  y 

DaucHU  oa  Dl^ortHeH  vt  Women 

*DaogliK<iD'h  Mpilli'ii'  Dlciinutiry 

Sdli  on  DWtiAiips  of  Womt«u  . 

Bllln'a  l>euiao«trutioa>  in  Auaioruy 

*Biilnial  OD  Ulsoasci  urWMi.ieii 

'BriehiWB'B  i>yKt«ni  of  >>nr{;<>ry    . 

FAriQh&rson's  Tlierit|>eall<-» 

Frtuwlclt'it  l)iiigni>i.i» 

Fiolsyfrin's  rilulcul  Piaieoo' 

•Pllnt'iCltoleallledlulue     . 

Fllet'a  Bmt&yii        ....... 

Flint  on  Die  H«art 
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